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ARTICLE    I. 
On  lie  Antiquity  of  tie  Art  of  Eftoeg onXStafi.    By  Mr.  FMEO.  Accvm. 

JL/OOKING  over  z  pared  of  old  foreign  newspapers,  I  was  not  a  little  furprifed  to  ob- 
fcrve  that  the  art  of  etching  on  glad  had  been  known  and  pra&ifed  amongft  ovg. ,«occitora 
upwards  of  a  century  ago.  $$  j    -  - 

In  order  that  every  one  may  judge  for  himfdf,  whether  this  difcovery  bclon£MyduuVely 
to  Scheele,  the  Sw'ediQi  chemiit,  I  (hall  tranferibe  an  advertifement  rtiferi|££]  an  old 
German  periodical  publication*,  which  is  likewife  copied  into  Beckman'I 
towards  a  Hiftory  of  Inventions*  The  original  advertifement,  literally  tranJI 
thus :  u¥ht  (Hfcovery  of  a  powerful  arid,  by  means  of  tvhich  every  imaginable  kind  effyuret 
w  may  eafdy  be  etched  upon  glafi. 

'*  Take  fpiritus  nitri  per  dcftillationem,  put  it  into  a  retort,  and  apply  a  ftrong  heat. 
"  When  it  has  palled  over  into  the  receiver,  throw  into  u  fome  powdered  green  Bohemian 
"  emerald  (which,  when  heated,  (Lines  in  the  dark),  othaajfe  called  fiefpbortu.  This 
*'  being  done,  place  the  receiver,  containing  the  mittur%-^»  heated  Jiind-bath-,  for  about 
'  .foui>and-twenty  houw,  and  it  will  he  .fit  for  the  pJ&jHVfy  u1*-  tn's  £orro,i»c  ,add> 


*  Breflawer'.  Collcftimi  for  the  year  1715:    January, 
fail  Economical  Encyclopedy,  XI.  p,  67S. 
Vol.  IV— April  1800. 


likewife  infilled  fay  Krunitx  in 
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9  0«  the  Antiqaity  of  Etchm^^mfi. 

"  take  a  pane  of  glafs  of  any  kind,  clean  it  wtlfcanMffieit  from  greafe,  by  wafhing  with  a 
"  ley,  and  when  dry,  trace  out  upon  it,  with  fulphur  and  varnifh,  whatever  you  choofe. 
"  Put  a  border  of  bees'- wax  round  it,  about  one  inch  high,  and  then  pour  the  corrofive 
u  acid,  prepared  as  before  direQed,  carefully  over  the  whole  furface  of  the  glafs,  and  let  it 

*  ftand  undifturbed  for  fome  time,  the  longer  the  better.  The  glafs  will  become  corroded, 
C(  and  all  you  had  traced  before,  will  now  appear  as  if  raifed,  or  elevated,  above  the  furface 
f<  of  the  glafs,  in  a  very  diftinft  and  pleaGng  manner.* 

This  advertifement  is  figned  /.  6.  Wigand,  and  dated  from  Goldingen,  in  Courland.  In 
a  fubjoined  note,  the  author  of  it  confefles  that  he  is  not  the  inventor  of  the  corrofive  acid, 
but  that  he  had  the  receipt  from  M*  Pauls,  a  famous  phyftcian  refident  at  Drefden,  and 
lately  deceafed.  He  further  afierts,  that  the  late  do&or,  during  his  life-time,  had  etched 
on  glafs  feveral  curious  crefts,  names,  and  figures,  in  a  manner  no  tefs  beautiful  than  fur- 
prifing. 

In  a  fupplement  to  the  before  mentioned  publication,  the  fame  author  very  earneftly  en- 
deavours to  convince  the  public,  that  the  aft  of  etching  on  glafs  he  had  made  publifhed  fome 
time  before,  was  very  different  from  the  art  of  engraviog  on  glafs  by  means  of  emery, 
flint,  red-hot  iron,  or  other  {harp  pointed  inftruments  of  the  hardeft  kind.  Nor  is  it  that 
art,  fays  he,  by  which  Mathefius,  the  famous  apothecary,  operated,  who  formed  elevated, 
or  engraved  figures,  feftoons,  and  other  ornaments  on  glades,  drinking  cups,  &c.  for  all  this 
I  know  very  well  is  done  by  means  of  diamond  pencils.  But  the  method  I  have  made  public, 
feems  to  be,  in  fa£t,  the  very  fame  admirable  and  fecret  art  which  was  formerly  pra&ifed 
by  a  fkilful  artift  of  Nuremberg,  who  worked  in  that  art  folely  for  the  emperor  Charles  II. 

On  purfuing  this  fubjedt  a  little  further,  thc*c  rematr^,  no  doubt,  but  that  this  old  artift 
of  Nuremberg,  to  whom  our  author  alludes,  is  the  perfon  of  whom  Doppelmair  *  gives 
the  following  account :  "  Amongft  the  artifts  of  Nuremberg  muft  be  enumerated  Henry 

*  Swanhard,  a  fkilful  engraver  in  fteel  and  ftone,  who  found  out  by  the  glafs  of  his 
"  fpe&acles,  upon  which  fome  corrofive  liquid  had  fallen,  a  new  art  of  etching  upon  glafs, 
tc  which  difcovery  he  made  in  the  year  1670."  Wagenfeil  f»  on  the  contrary,  relates,  that 
the  inventor  derives  more  merit  from  his  difcovery,  than  accident  entitled  him  to  claim. 
u  Swanhard,"  fays  he,  "  by  the  acutenefs  of  his  genius,  proved  what  was  hitherto  deemed 
a  importable.  He  was  the  firft  who  ever  compofed  a  corrofive,  fo  a&ive  as  to  difTolve  the 
"  hardeft  cryftal  glafs,  which  hitherto  refilled  the  force  of  the  molt  powerful  fpirits  of  the 
"  apothecaries.  By  means  of  this  corrofive,  Swanhard  delineated  and  etched  on  glafs 
41  figures  of  men,  fome  naked  and  fome  dreffed,  and  all  kinds  of  animals,  flowers,  plants, 
u  trees,  and  ihrubs,  in  a  manner  perfe&ly  natural,  and  perfe£Uy  eafy."  The  fame  is  men- 
tioned in  Schneider's  Biography oi  the  Artifts  of  Germany,  1740,  p.  37* 

How  the  abovo*  artift  prepared  His  corrofive  is  not  mentioned  by  any  of  the  above 
authors.    It  is,  therefore,  very  probable,  that  he  kept  hi*  art  a  fccret,  as  it  feems  that  the 

•  Doppelmair**  Hiftory  of  the  Artifts  of  Nuremberg,  1734,  p.  id. 

•f  Wagenfcili  Comment,  de  Civitate  Norimbergcnfi,  Altdorf,  1697.  4to.  p.  15*. 

3  receipt 
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On  tie  Antiquity  of  Etching  on  Glafs.  % 

receipt  for  that  purpofe  was  made  public,  for  the  firfl  time,  in  January,  1725*,  by  the  before 
mentioned  M.  Pauli.    How  he  came  to  know  it,  I  have  not  been  able  to  learn. 

That  the  inventor  employed  his  corrofive  to  a  purpofe  different  from  that  for  which  it  is 
ufed  at  prefent,  is  obvious  from  the  effect  it  produced  upon  the  glafs.  At  prefent  the  glafs 
is  covered  either  with  wax,  ifinglafs,  or  a  varnifh,  and  thofe  figures  which  are  intended  to 
be  etched,  are  traced  through  this  covering,  by  means  of  a  pointed  inftrurnent ;  but  our 
ancient  artift  covered  his  figures,  when  traced,  with  a  varnifh  and  fulphur,  and  then  applied 
the  acid  to  corrode  the  glafs  around  them,  fo  that  the  figures  which  remained  fmooth  and 
'  clear  appeared,  when  the  varnifh  was  removed,  as  if  raifed  from  a  dim  or  dark  ground.  He 
adopted  this  method  probably  in  order  to  render  his  invention  more  palpably  different  from 
the  art  of  cutting  the  figures  on  the  glafs,  as  if  engraven,  long  known  and  pra&ifed  before 
this  difcovery  was  made* 

That  the  Bohemian  emerald,  or  hefphorus,  made  ufe  of  in  this  receipt,  was  our  fluate  of 
lime,  can  hardly  be  doubted.  In  old  German  authors  who  treat  on  the  working  of  mines, 
this  ftone  is  claflcd  araongft  the  fluffc  (fluxes)  becaufe  it  was  an  ufual  fubftitutc  to  accelerate 
the  fufion  of  certain  ores*  Agricola%  who  changed  the  German  names  of  quartz,  zinc, 
bifmuth,  cobald,  &c.  into  quartzum,  zincum,  &c.  changed  flufs  into  fluor,  which  became 
afterwards  very  common  t.  If  a  paflage  of  the  ancients  can  be  quoted  that  feems  to  allude 
to  fluate  of  lime,  it  is  that  of  Theophraflus,  where  he  fays,  that  there  are  certain  (tones 
which,  when  added  to  filver,  copper,  and  iron  ores,  become  fluid.  For  Cronftadt  was  the 
firfl  fyftematic  writer  (if  I  am  not  miftaken)  who  mentioned  fluate  of  lime  as  a  particular 

genus* 

That  the  ftone  called  emerald,  or  hcfphoriMT-iro-rcatfy  *>ur  fluor  fpar,  becomes  obvious 
from  what  Kirchmair,  profeflbr  at  Wittemberg,  in  Germany,  remarks,  who  was  probably 
the  firfl  who  made  known  what  kind  of  ftone  it  was,  which  had  the  peculiar  property  of 
fhining  in  the  dark  after  having  been  heated  f,  and  which  by  the  ancients  was  fought  for 

*  Breflawer's  Collections,  1.  c. 

f  Lapides  flint  gcmmarum  firailes,  fed  minus  duri,  fluores  liccat  raihi  verbum  an  e  vcrbo  exprimere, 
noftri  metallici  appellant,  nee  meo  judtcio,  ineptej  fiquidem  ignis  cal ore,  ut  glaciei  folis,  liquefcuut  et 
fluunt.     Varii  autem  et  jucundi  colore?  eis  infident. 

4  Bergmannii  Opuscul,  p.  466. 

J  Ante  annos  pacuos  admodum  inventus  mineral  is  alicujus  vifu  et  proprietatibus  in  quibufdam  fimilis 
fmaragdo,  ab  artificibus  duobus  mi  hi  per  amice  notis  ufus  eft.  Coaficiendi  phofphori  et  repraefentandi 
modus  levis  atque  brevis  ille.  jUcJpe  q.  v.  mineralis  viridis  fmaragdum  pene  referentisj  contare  m 
pulverem,  aqua  madefa?  cdmrauni,  pulvis  inftar  ut  fiat.  Pencilio  poftea  in  lamina  cuprea,  magnitudine 
vel  majoris  plani  alicujus  manubrio  inftru&a  literas,  quafcunque  voles,  in  lamina  defer i be  cramufculas. 
Ardentibus  fuper  Jmpone  prunis  vafculo  exceptis.  Phcenomcnon  fpe&abis  in  obfeuro  amamiflimum  fine 
fume  et  odore  lucens.  Sed  ut  verum  fatear,  nee  ufum,  nifi  curiofi  animi  explendi,  artificium  hoc,  neque 
diuturnitatssi  habet.      Pectus   ergo   avidum  fciendi  meliora  fatiari  nequit  five  Hefphonu  vocetur  five 

Vefperogo. 
6.  C.  KLirchmaieri  De  Phofphoris  ct  natura  lucis,  nee  non  de  igne,  commentatio  epiftolica.    Wittem- 

btrgae,  16S0,  p.  7.  „ 

B  2  With 


4  Defcription  of  a  new  Ventilator; 

with  fo  much  avidity.  Neither  need  I  to  mention  that  the  nitrous  acid  made  ufe  of  in  the 
receipt  was  equally  capable  of  difcngaging  the  fluoric  acid,  though  we  ufuilly  make  ufe  of 
the  fulphuric. 

There  remains,  therefore,  little  doubt,  that  the  art  of  etching  on  glafs  does  not 
entirely  belong  to  the  moderns,  or  to  deny  that  the  ancients  were  altogether  unacquainted 
with  it,  would  be  doing  them  an  injuftice.  It  feems  rather,  that  this  art  belongs  to  the 
difcoveries  which  were  made  in  thofe  times,  in  which  men  were  little  inclined  to  tranfmit 
an  account  of  their  inventions  to  pofterity,  and  thus  this  art  muft  have  been  forgotten  or 
loft.  Scheele  #  discovered  the  fluoric  acid,  and  re-invented  the  art  of  etching  on  'gfafs  in 
the  year  1771.  But  had  Swanhard  been  able  to  purfue  properly  what  either  accident,  or 
ingenuity  prefented  to  him,  he  might  have  enriched  the  arts,  with  a  difcovery  which  ac- 
quired great  reputation  to  this  Swedifh  philofopher  one  hundred  years  after. 

FREDERIC  ACCUM. 


II. 

A  Defcription  of  a  new  Injlrutnent  called  the  Bla/t  Ventilator.     Invented  by  J.  W.  Boswell* 

\T  would  be  fuperfluous  to  offer  any  arguments  to  the  cultivators  of  natural  philofophy, 
refpe&ing  the  importance  of  any  difcovery  in  that  fcience.  ft  is  fufficient  to  announce  it 
to  thofe  who  fo  well  know,  that  no  operation  of  nature  is  unimportant ;  and  that  although 
the  firft  perfon  to  whom  a  f*A  may  occur,  may  not  be  able  to  point  out  all  the  advan- 
tages which  may  arife  from  it,  yet  others  of  more  <urccriun«»*  oommg  after  him,  may 
improve  upon  his  ideas,,  and  perhaps  ufe  it  for  purpofes  of  much  higher  importance. 

What  Dr.  Hales  has  written  of  the  great  confequence  of  the  fubjeft  of  ventilation  to 
health,  and  the  prefervation  of  the  food  of  man,  renders  it  unnecefiary  to  expatiate  on  the 
importance  of  any  new  difcovery  in  this  art ;  and  to  his  excellent  treatife  on  this  matter,  I 
beg  leave  to  refer  thofe  who  have  any  doubts  on  the  advantages  ariGng  from  it. 

The  method  of  forcing  air  in  any  required  dire&ion,  by  a  fall  of  water  paffing  from  a 
fmaller  into  a  larger  tube,  in  an  engine  cajjed  the  f  Water  Blaft,  is  now  well  known,  and 
frequently  applied  in  mines  and  furnaces  with  great  efficacy. 

Some  confiderations  on  this  machine  led  me  to  co^jf  £ture  long  fince,  that  a  current  of 
air  might  be  made  to  aft  inftead  of  a  fall  of  water,  in  an  apparatus  conftrufted  on  princi- 
ples fomfewhat  fimilar  to  the  aboVe,  and  thus  applied  fo  as  to  draw  off  foul  air  or  fiqoke 
from  any  places  required,  in  fituations  where  the  other  ctuld  not  be  Med.  It  was  only 
lately  that  I  have  been  able  to  think  of  any  method  of  putting  this  matter  %  the  tcft  of  ex* 

•  Trxnfaclions  of  the  Swedifh  Academy  for  the  year  1771.     C.  xxxiii.  p.  12*. 
t  Dr.  Lewis,  in  his  rcry  ufeful  work  oa  the  Arts,  has  laid  down  the  beft  conftruaion  of  this  cngme, 
from  a&ual  experiment. 

periment, 


Defcriprio*  *f  a  new  Ventilator.  & 

periment,  winch  wftuld  not  be  attended  with  too  much  inconvenience.  This  I  have  ef- 
fected by  the  inftrument  of  which  I  now  fend  the  draft  and  description ;  and  I  found  the 
refult  of  the  experiments  made  with  it,  fully  to  anfwermy  expectations. 

In  the  draft  the  firft  figure  reprefents  the  external  appearance  of  thi6  inftrument,  and 
the  fecondikews  it  in  fed  ion.  Plate  i.  From  A  to  B  in  fig.  2,  there  is  a  free  open  com- 
munication in  the  larger  tubes.  The  part  C  E  D  is  an  open  truncated  cone,  ending  in  a 
tube  £  F,  one  third  of  the  diameter  of  that  which  furrounds  it,  and  which  reaches  into  the 
larger  tube  the  length  of  two  of  the  diameter*  of  the  latter. 

There  it  a  fcale  with  the  draft  for  fig.  i  and  2,  which  marks  the  proportion  of  the  fmall 
inftrument  I  had  firft  made.  But  as  the  fize  of  any  other  mult  vary  according  to  the  ufes 
for  which  it  is  intended,  I  have  only  fet  down  the  number  of  proportional  parts,  and  have 
not  mentioned  their  value,  which  may  be  encreafed  at  pleafure. 

In  ufing  this  inftrument,  thebafe  CD  of  the  cone  muft  be  turned  towards  the  wind, 
which  when  it  blows  even  moderately,  will  then  caufe  a  very  fenfible  current  of  air  to  pafs 
up  from  A  to  B  through  the  larger  tubes.  The  fmall  inftrument,  which  I  tried  at  a  time 
when  the  wind  was  low,  when  placed  as  above  dire&ed,  oppofite  the  opening  of  the  upper 
fafh  of  a  window  let  down  about  two  inches,  a&ed  with  fuch  power,  as  to  draw  the  flame 
of  a  candle  confidently  into  the  tube  A,  held  horizontally  at  fome  diftance  from  it,  and 
made  the  tube  B,  by  which  I  fupported  it,  fo  hot  in  a  (hort  time,  that  it  was  painful  to 
hold  it. 

This  experiment  I  repeated  before  many  gentlemen  always  with  the  fame  refult ;  and 
which  at  leaft  entitles  the  inftrument  to  a  trial  on  a  larger  fcale  for  ufeful  purpofes,  in 
which  I  have  no  doubt  of  its  fucceeding. 

The  ufes  to  which  this  inftrument  may  be  «fyKnl»  merino 4m»)l  importance,  even  {6 
fair  as  they  have  occurred  to  me;  others  may  yet  be  found  out  which  I  have  not  thought 
off  thofe  which  I  have  thought  of  are  as  follows  : 

ift.  It  will  do  extremely  well  for  extra&ing  the  unwholefome  air  from  mines,  when  it 
is  made  of  a  fize  fufficiently  large. 

2d.  It  will  alfo  be  particularly  convenient  in  (hips  for  changing  the  air  in  them,  ren- 
dered unfit  for  refpiration  by  the  breath  and  perfpiration  of  a  numerous  crew,  by  the  efflu- 
via from  provisions,  bilge  water,  &c. ;  and  if  its  efficacy  may  be  judged  of  in  this  refpe&, 
from  experiments  made  on  a  fmall  fcale,  it  would  with  a  moderate  wind  entirely  change 
the  air  in  a  large  veflel  in  the  courfe  of  two  or  three  hours,  even  when  made  of  no  great 
iize. 

3d.  It  will  considerably  encreafe  the  force  of  the  draft  in  a  blaft  furnace,  if  placed  on  the 
top  of  its  chimney  as  hereafter  dire&ed,  for  chimneys  in  general. 

4th.  It  will  ferve  as  a  ventilator  for  corn,  (lores,  magazines,  hofpitals?  and  crowded 
Tooms. 

5th.  It  is  particularly  well  calculated  to  prevent  or  cure  the  fmokingof  dummies,  (which 
inconvenience  frequently  renders  houfes  fo  uncomfortable,  as  to  induce  the  owners  to  quit 
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tliem ;  to  fay  nothing  of  the  injurious  effcfts  of  fmolce  received  into  delicate  lungs*  One 
caufe  efpccially  of  fmoking  chimneys  it  removes,  for  which  no  efie&ual  cure  has  been 
before  difcovcred. 

Dr.  Franklin,  to  whom  the  world  is  fo  much  indebted  for  his  many  ufeful  difcoveries 
in  natural  philofophy,  and  the  arts,  has  given  two  very  valuable  papers  on  the 
fubjedt  of  fmoking  chimnies,  in  the  Trnnfa&ions  of  the  Philadelphia  Society.  In  thefe  he 
has  recited  nine  caufes,  which  occafion  chimneys  to  fmoke,  amongft  which  that  of  high 
winds  blowing  the  fmoke  down  the  funnel  is  a  chief  one  :  for  all  which  he  has  propofed 
effe£tual  remedies ;  except  for  this  lad  mentioned  alone,  for  which,  he  acknowledges  that 
there  was  no  certain  remedy  difcovered  ;  we  may  therefore  look  on  fuch  a  remedy  as  an 
objett  the  more  valuable,  as  it  compleats  what  the  Do&or  began  :  fuch  a  remedy  is  the  in- 
ilrument  defcribed  in  this  paper,  which  by  removing  this  evil  leaves  no  defc£t  incident  to 
chimneys  that  cannot  be  obviated ;  and  i{  is  fo  efie&ual  for  this  purpofe,  that  from  the 
very  principles  of  its  conftru&ioti,  the  ftronger  the  wind  blows,  the  better  will  the  chim- 
ney draw,  thus  changing  what  was  formerly  an  evil  into  an  a&ual  benefit. 

The  manner  in  which  the  inftrument  (hould  be  ufed  for  this  purpofe,  is  one  with  which 
we  are  already  familiar.  It  (hould  be  placed  on  the  top  of  the  chimney,  in  the  fame  man- 
ner in  winch  the  contrivance,  (intended  for  the  fame  purpofe,  but  very  ineffc&ual)  called 
the  Boar's  Head,  is  ufually  put  up :  and  (hould  like  it  be  fupported  on  a  pivot,  fo  as  to  turn 
round  with  its  back  to  the  wind,  that  the  blaft  might  fully  enter  its  conical  opening. 

To  prevent  the  external  air  from  being  drawn  up  between  the  turning  tube  and  the  fixed 
one,  when  placed  on  the  chimney,  fome  foft  leather,  or  canvas,  fhould  be  fattened  round 
the  outfide  of  the  lower  end  of  the  turning  tube,  which  furrounds  the  fixed  tube ;  this  lea- 
ther or  canvas,  which  Oiuuld  hang  dvwn  two  or  three  inches  below  the  interval  between  the 
tubes,  will  aft  as  a  fpecies  of  valve  to  prevent  the  outer  air  from  entering,  and  will  thus 
caufe  the  whole  effeft  of  the  inftrument  to  operate  in  increafing  the  draft  of  the  chimney. 

There  is  another  method  of  efFe&ing  this  lad  purpose,  more  certain  in  its  mode  of  ail- 
ing, but  which  from  its  requiring  a  much  greater  expence,  cannot  be  recommended  for 
general  ufe ;  this  is  reprefented  in  fig.  3.  which  figure  is  on  a  (mailer  fcale  than  the  other 
two,  and  is  only  intended  to  (hew  the  beft  method  of  fixing  the  inftrument  on  a  chimney  : 
it  is  drawn  in  fe&ion  to  exhibit  the  internal  ftru&ure.  In  it  A  reprefents  the  fixed  part  to 
be  bedded  in  mortar  on  the  top  of  the  chimney  in  the  ufual  manner.  B  reprefents  the 
moveable  part,  which  turns  with  the  wind,  fo  that  the  conical  opening  G  (hall  be  always 
oppofite  to  the  blaft.  £  is  the  upright  rod  on  whofe  point  B  turns  round ;  it  is  fattened 
below  to  the  two  bars  DD,  which  are  fixed  acrofs  in  the  lower  immoveable  tube  A,  and 
pafies  through  a  collar  in  the  bar  H,  which  is  fattened  at  its  extremities  to  the  moveable 
tube  B.  By  this  means  the  rod  preferves  its  perpendicular  poGtion ;  and  the  part  of  the 
moveable  tube,  which  furrounds  the  upper  part  of  the  fixecf  one,  will  revolve  round  it  very 
tfofe  without  coming  in  conta&  in  any  part* 
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CC  is  an  external  tube,  clofely  foldered  or  cemented  to  the  fixed  tube  A,  fo  that,  with 
its  upper  part,  it  may  fprm  a  deep  groove  of  four  or  five  inches,  in  which  thq  lower  extre- 
mity of  the  moveable  cube  may  freely  revolve :  this  groove  fhould  be  filled  with  mercury, 
high  enough  to  cover  the  bottom  of  the  moveable  tube  about  half  an  inch ;  which  con* 
trivance  will  effectually  prevent  the  outer  air  from  being  drawn  in  between  the  tubes,  with- 
out impeding  the  motion  of  the  upper  one  in  the  lead.  F  F  is  a  fmall  projection  fattened 
Co  the  moveable  tube,  to  prevent  the  rain  or  duft  from  falling  into  the  groove. 

The  Biaft  Ventilator  would  be  particularly  ferviceable  to  (hip  chimnies  above  all  others* 
Any  one  who  has  ever  been  at  fea,  muft  have  obferved  the  difficulty  of  preventing  fliip- 
chimnies  from  fmoking  when  the  wind  rifes  to  any  height,  and  what  an  advantage  any 
contrivance  would  be  that  would  prevent  this  inconvenience ;  and  that  this  inftrument 
would  be  quite  effectual  for  this  purpofe,  (there  is  every  reafon  to  believe  from  the  expe- 
riments already  made)  and  even  make  thofe  chimnies  draw  better  as  the  wind  blew 
harder. 

The  inftrument  reprefented  in  the  two  firft  figures  would  be  the  fitteft  for  this  purpofe, 
any  of  the  men  on  deck  could  cafily  fhift  it  about  as  the  wind  changed ;  and  as  this  way  of 
ufing  it  might  be  made  for  a  few  (billings,  the  expence  will  be  no  objeft  to  prevent  (hip- 
owners  from  giving  it  a  fair  trial- 
It  is  fcarcely  neceflary  to  mention,  that  it  would  do  equally  well  for  the  fame  purpofe  in 
canal  paiTage-boats,  which  are  often  as  much  incommoded  by  fmoke  as  (hips  are *  a  mode 
of  conveyance  to  which  in  fome  fituations,  elegance  is  added  to  eafe  and  cheapnefs,  and~ 
which  well  deferves  farther  extenfion  on  the  Englifli  canals. 

The  manner  in  which  the  wind  operate*  in  this  apparatus,  to  caufe  a  current  of  air 
through  the  upright  tube,  is  mod  probably  the  following : 

When  the  conical  opening  C  D,  Fig.  2,  is  turned  to  the  wind,  the  portion  of  the  cur- 
rent of  air  which  enters  this  opening,  will  be  comprefled  againft  the  fides  of  the  cone,  as  it 
pafles  on,  more  and  more,  till  it  comes  to  £ ;  and  after  it  has  parted  F,  the  extremity  of  the 
fmall  tube,  it  will  begin  to  expand  itfelf  \  but  as  it  moves  forward  while  thus  expanding, 
the  union  of  the  two  motions  will  caufe' it  to  form  the  figure  of  a  cone  or  conoid,  fomewhat 
fimflar  to  that  by  which  it  entered,  which  is  marked  by  the  dotted  lines  terminating  at 
GandH. 

This  conical  blaft  (hiking  obliquely  the  air  before  it  in  the  tube  B,  will  caufe  it  to  move 
forward  only,  its  lateral  motion  being  prevented  by  the  fides  of  the  tube ;  and  the  prefllire 
of  (he  atmofphere  forcing  the  air  forward  at  A,  to  replace  what  has  been  removed  at  B  by 
the  conical  Wait,  will  of  courfe  caufe  the  current  of  air  from  A  through  B  already  men- 
tioned* 

In  fituations  where  coals  may  be  had  cheap,  (learn  may  be  made  to  operate  on  the  blaft 
ventilator  inftead  of  wind,  for  many  ufeful  purpofes,  by  a  contrivance  fomewhat  fimilar  to 
the  eolipile ;  with  fome  alteration  as  to  its  form,  but  preferving  the  fame  principle  -y  par- 
ticularly (team  might  be  ufed  -with  this  inftrument  fo  as  to  force  air  on  a  blaft  furnace,  and 
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would  do  beft  for  fmteltiog  iron,  where  fome  degree  of  dampnefe  in  die  blaft  U  rather 
beneficial. 

To  defcribe  the  apparatus  minutely  for  this  purpofe,  would  fwell  this  paper  to  too  great 
a  bulk ;  but  of  its  poffibility  I  could  eafily  convince  any  one,  and  would  engage  to  conftruft 
it,  in  fuch  a  fituation  as  before  mentioned,  at  an  cxpence  comparatively  trifling  to  any 
other  mode  of  caufing  a  blaft,  where  a  fall  of  water  could  not  be  procured* 

Even  where  fuel  is  not  very  cheap,  yet  (team  may  be  applied  to  the  purpofe  of  ventilation 
Urith  this  inftrument,  in  the  manner  hinted  at  here,  to  great  advantage,  in  thofe  fituations 
where  labour  is  difficult  to  be  procured,  or  inconvenient  to  be  ufed  ;  or  where  habits  and 
prejudice  operate  ftrongly  againft  working  manual  ventilators.  This  laft  is  too  frequently 
the.  cafe  aboard  men  of  war,  and  other  {hips,  though  in  no  other  place  is  ventilation  fo  ne- 
eeffary  to  preferve  health,  and  fecure  provifions  from  decay. . 

An  apparatus  for  ventilating  (hips  in  this  manner  might  eafily  be  fixed  befide  the  (hip's 
boiler,  to  be  ufed  in  calms,  when  the  wind  would  not  operate  on  the  inftrument  before 
defcribed,  and  which  at  other  times  might  be  applied  to  boil  water  for  various  ufes ;  and 
the  (hip's  boiler  itfelf  might  be  fo  adjufted  as  to  ferve  for  this  purpofe,  without  preventing 
or  impeding  its  ufe  in  preparing  provifions. 

To  conclude,  I  will  juft  mention  a  matter  this  fubjeft  has  fuggefted  of  fome  importance, 
though  fomewhat  differing  from  what  has  already  been  treated  of. 

From  obferving  the  effe&sof  the  conical  opening  in  the  blaft  ventilator,  it  occurs,  that 
walls  might  be  fo  conftru&ed  about  a  windmill,  as  to  operate  in  a  fimilar  manner,  and  that 
thus  the  wind  might  be  conduced  with  increafed  force,  to  operate  in  any  dire&ion  required 
on  a  fixed  wind  wheel,  though  it  blew  from  various  directions ;  and  that  a  windmill  thus 
coilftru&ed,  would  have  the  additional  advantage  of  being  capable  to  be  regulated  or 
(topped  at  pleafure,  in  a  manner  fomewhat  fimilar  to  a  water-mill;  This  mode  of  con* 
(trusting  thofe  mills  would  prevent  many  fatal  accidents ;  and  would  not  coft  fo  much  as 
might  at  firft  feem,  as  the  granaries,  and  other  buildings  annexed  to  them,  might  be  fo 
arranged,  as  in  a  great  meafure  to  anfwer  the  purpofe  of  the  walls  propofed  to  he  built  *. 
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HE  experiments  defcribed  in  this  paper  were  fuggefted  to  me  many  years  ago,  when 
employed  in  ftudying  the  geological  fyftem  of  the  late  Dr.  Hutton,  by  the  following  plaufible 
obje£tion,  to  which  it  feems  liable. 

*  On  the  fubjeft  of  this  paper,  fee  Phil.  Journ.  I.  II.  Art.  Venturi.    N4 
t  Read  before  the  Royal  Society  of  Edinburgh,  and  communicated  by  the  author.    An  abridged  ac- 
count of  the  contents  of  this  paper  was  given  in  our  Journal  II,  %%$. 
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Granite,  porphyry,  and  bafaltes,  are  fuppofed,  by  Dr.  Hutton,  to  have  flowed  in  a  ftatc 
of  perfect  fufion  into  their  prefent  pofition;  but  their  internal  ftru£ture,  being  univerfclly 
rough  and  ftony,  appears  to  contradi&  this  hypothefis ;  for  the  refult  of  the  fufion  of 
earthy  fubftances,  hitherto  obferved  in  our  experiments,  either  is  glafs,  or  pofiefies,  in 
fome  degree,  the  vitreous  character. 

'  This  objc&ion,  however,  lofes  much  of  its  force,  when  we  attend  to  the  peculiar  cir- 
cumftances  under  which,  according  to  this  theory,  the  aftion  of  heat  was  exerted.  Thefe 
fubftances,  when  in  fufion,  and  long  after  their  congelation,  are  fuppofed  to  have  occupied 
a  fubterraneous  pofition  far  below  what  was  then  the  furface  of  the  earth ;  and  Dr.  Hutton 
has  afcribed  to  the  modification  of  heat,  occafioned  by  the  preflure  of  the  fuperincumbent 
mafs,  many  important  phenomena  of  the  mineral  kingdom,  which  he  has  thus  reconciled 
to  his  fyftem. 

One  neceflary  confequence  of  the  pofition  of  thefe  bodies,  feems,  however,  to  have 
been  overlooked  by  Dr.  Hutton  himfelf ;  I  mean,  that,  after  their  fufion,  they  mult  have 
cooled  very  flowly ;  and  it  appeared  to  me  probable,  on  that  account,  that,  during  their 
congelation,  a  cryftallizatton  had  taken  place,  with  more  or  lefe  regularity,  producing  the 
ftony  and  cryftallized  ftru&ure,  common  to  all  unftratified  fubftances,  from  the  large 
grained  granite,  to  the  fine  grained  and  almoft  homogeneous  bafalt.  This  conjecture  de- 
rived additional  probability  from  an  accident  fimilar  to  thofe  formerly  obferved  by  Mr. 
Keir,  which  had  juft  happened  at  Leith :  a  large  glafs-houfe  pot,  filled  with  green  bottle 
grafs  in  fufion,  having  cooled  flowly,  its  contents  had  loft  every  chara&er  of  glafs,  and  had 
completely  affumed  the  ftony  ftru&ure. 

Thefe  views  made  part  of  a  paper  which  I  had  the  honour  of  laying  before  this  Society 
in  1790* ;  and  about  the  fame  time  I  determined  to  fubmit  my  opinions  to  the  teft  of  ex- 
periment. I  communicated  this  intention  to  all  my  friends,  and* in  particular  to  Dr. 
Hutton;  from  him,  however,  I  received  but  little  encouragement.  He  was  imprefled 
with  the  idea,  that  the  heat  to  which  the  mineral  kingdom  has  been  expofed  was  of  fuch 
intenfity,  as  to  lie  far  beyond  the  reach  of  our  imitation,  and  that  the  operations  of  nature 
were  performed  on  fo  great  a  fcale,  compared  to  that  of  our  experiments,  that  no  inference 
could  properly  be  drawn  from  the  one  to  the  other.  He  has  fince  exprefled  the  fame  fen* 
timents  in  one  of  his  late  publications,  {Theory  of  the  Earthy  vol.  L  p.  251.),  where  he 
cenfures  thofe  who  *'  judge  of  the  great  operations  of  the  mineral  kingdom,  from  having 
"  kindled  a  fire,  and  looked  into  the  bottom  of  a  little  crucible." 

But,  notwithftanding  my  veneration  for  Dr.  Hutton,  I  could  not  help  differing  from  him 
on  this  occafion :  for,  granting  that  thefe  fubftances,  when  in  fufion,  were  a£ted  upon  by 
a  heat  of  ever  fo  great  intenfity,  it  is  certain,  neverthelefs,  that  many  of  them  muft  have 
congealed  in  moderate  temperatures,  fince  many  are  eafily  fufible  in  our  furnaces ;  for  it 

•  Particular  reafons  induced  me  not  to  publish  this  paper  at  full  length  j  but,  wifliing  to  preferve  a  re- 
cord  of  fome  opinions  peculiar  to  myfelf  which  it  contained,  I  introduced  a  fhort  abftraft  of  it  into  the 
Hiftory  of  the  Tranfactions . 
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is  impoffible  that  a  fobftance  (herald  congeal  at  a  higher  point  than  that  at  which  it  may 
afterwards  be  melted*  If,  then,  thefe  phenomena  depend  upon  the  circuniftanjres  of  con- 
gelation, the  imitation  of  the  natural  procefs  is  an  objeft  which  may  be  purfurd  with  ra- 
tional expe&ation  of  fuccefs ;  and  Could  We  fucceed  in  a  few  examples  on  a  fmall  fcale, 
and  with  eafily  fufible  fubftances,  we  (hould  be  entitled  to  extend  the  theory,  by  analogy, 
to  iiich  as,  by  their  bulk,  or  by  the  refra&ory  nature  of  their  compoiition,  could  not  be 
fubje&ed  to  our  experiments.  It  is  thus  that  the  aftronomer,  by  obferving  the  effefls  of 
gravitation  on  a  little  pendulum,  is  enabled  to  eftimate  the  influence  of  that  principle  on 
the  heavenly  bodies,  and  thus  to  extend  the  range  of  accurate  fcience  to  the  extreme  limits 
of  the  folar  fyftem. 

Encouraged  by  this  reafoning,  I  began  my  proje&ed  feries  of  experiments  in  the  courfe 
of  the  fame  year  (1790),  with  very  promifing  appearances  of  fuccefs.  I  found  that  I  could 
command  the  refult  which  had  occurred  accidentally  at  the  glafs-houfe ;  for,  by  means  of 
flow  cooling,  I  converted  bottle  glafs,  after  fufion,  into  a  ftony  fubftance,  which  again* 
by  the. application  of  ftrong  heat,  and  fubfequent  rapid  cooling,  I  reftored  to  the  (late  of 
pcrfeft  glafs.  This  operation  I  performed  repeatedly  with  the  fame  fpecimen,  fo  as  to  af* 
certain  that  the  chara&er  of  the  refult  was  ftony  or  vitreous,  according  to  the  mode  of  its 
cooling. 

Some  peculiar  circumftances  interrupted  the  profecution  of  thefe  experiments  till  laft 
winter,' when  I  determined  to  refume  them.  Deliberating  on  the  fubftance  moff  proper  to 
fubmit  to  experiment  on  this  occafion,  I  was  decided  by  the  advice  of  Dr.  Hope  #,  well 
known  by  his  difcovery  of  the  earth  of  ftrontites,  to  give  the  preference  to  whinftone. 

The  term  whinftone,  as  ufed  in  moft  parts  of  Scotland*  denotes  a  numerous  daft  of 
ftones,  diftinguifhed  in  other  countries  by  the  names  of  bafaltes,  trap,  wacken,  griinftem 
and  porphyry.  As  they  are,  in  my  opinion,  mere  varieties  of  the  fame  clafs,  I  conceive 
that  they  ought  to  be  conne&ed  by  fome  common  name,  and  have  made  ufe  of  this,  already 
familiar  to  us,  and  which  feems  liable  to  no  objc&ion,  fince  it  is  not  confined  to  any  par* 
ticular  fpecies  t* 

The  following  experiments  were  performed  with  various  kinds  of  whinftone,  and  have 
Hkewife  been  extended  to  lava.  To  inveftigate  the  relation  between  thefe  two  clafles  of 
fubftances,  feems,-  in  the  prefent  ftate  of  geology,  an  obje&of  coafiderabie  importance ; 
for  they  refemble  each  other  in  fo  many  refpe&s,  that  we  are  naturally  led  to  afcribe  the 

*  In  the  courfe  of  laft  winter,  when  I  firft  thought  of  refuming  my  experiments,  I  propofed  to  this 
gentleman,  that,  in  imitation  of  a  practice,  common  in  the  Academy  of  Sciences  of  Paris,  we  (hould  per- 
form them  in  company.  To  this  propofal  he  cheerfully  agreed  j  but,  before  any  experiments  had  been 
begun,  he  found  himfelf  fo  much  occupied  by  profeflional  duties,  that  he  could  not  beftow  upon  the  fub- 
js&  the  time  which  it  neceflarily  required ;  and  we  gave  up  the  idea  of  working  in  company. 

f  In  chara&erifing  the  particular  ipecimens,  I  have  adopted,  with  fcarcely  any  variation,  defcriptions 
drawn  up  by  Dr.  Kennedy,  whole  name  I  (hall  have  occafion  frequently  to  meution  in  the  courfe  of  this 
paper.  In  the  employment  of  terms,  we  hare  profited  by  the  adrice  of  Mr,  Dcriabin,  a  gentleman  well 
reried  in  the  language  of  the  Wernerian  fchooh  , 

formation 


Experiments  on  Whinftone  and  Lava. 


if 


formation  of  both  to  the  fame  caufe,  and  to  believe  that  whinftone,  as  well  as  lava*  hat 
been  expofed  to  the  action  of  heat.  In  the  courfe  of  the  paper,  1  (hall  mention  feveral  ac- 
cidental refultSi  which*  if  considered  fepatately,  might  feem  unworthy  of  notice,  but 
which,  by  affording  the  means  of  companion  between  the  two  claffes,  are  of  great  fcrvice 
in  the  general  inveftigatibn. 

The  whinftone  firft  employed  was  taken  from  a  quarry  *  near  the  Dean,  on  the  water  of 
Leith,  in  the  neighbourhood  of  Edinburgh.  This  (lone  is  an  aggregate  of  black  and 
greenifh-black  hornblepd,  intimately  mixed  with  a  pale  rcddi(h-brown  matter,  which  hasf 
fome  refemblance  to  felfpar,  but  is  far  more  fufible.  Both  fubftances  are  imperfectly  and 
confufedly  cryftallized  in  minute  grains.  'The  hornblend  is  in  the  greateft  proportion  \ 
and  its  fracture  appears  to  be  ftriated,  though  in  fome  parts  foliated  ;  that  of  the  reddiih- 
brown  matter  is  foliated.  The  fracture  of  the  (lone  en  maffe  is  uneven,  and  it  abounds  in 
(mall  facettes,  which  have  fome  degree  of  luftre.  It  may  be  fcratched,  though  with  diffi- 
culty, by  a  knife,  and  gives  an  earthy  fmell  when  hreathed  on*  It  frequently  contains 
(mall  fpecks  of  pyrites. 

On  the  17th  of  January  1798,  I  introduced  a  black  lead  crucible,  filled  with  fragments 
of  this  (lone,  into  the  great  reverberating  furnace  at  Mr.  Barker's  iron  foundery.  In  about 
a  quarter  of  an  hour,  I  found  that  the  fubftance  had  entered  into  fufion,  and  was  agitated 
by  a  ftrong  ebullition.  I  removed  the  crucible,  and  allowed  it  to  cool  rapidly.  The  refult 
was  a  black  glafs,  with  a  tolerably  clean  fra&ure,  interrupted  however  Jby  fome  fpecks. 

In  fubfequent  experiments,  I  endeavoured,  by  (low  cooling  after  fufion,  to  prevent  the 
whinftone  from  becoming  vitreous,  and  to  compel  k  to  refume  its  original  character  by 
cryftallization.  In  this  I  fo  far  Aiccccdcd  as  to  obtain  a  fubftance,  which  was  not  glafs, 
though  it  did  not  pofiefs  the  properties  of  whinftone.  The  production  of  this  interme- 
diate fubftance,'  which  much  refembled  the  liver  of  an  animal,  is  accompanied  with  fome 
curious  particulars,  which  I  fliall  enumerate  and  explain  in  another  part  of  this  paper.  On 
'  fome  occafions,  too,  I  obtained  a  vitreous  mafs  in  which  were  a  multitude  of  little  fpheres, 
haying  a  dull  or  earthy  fracture. 

At  laft,  on  the  27th  of  January,  I  fucceeded  completely  in  the  object  I  had  in  view.  A 
crucible,  containing  a  quantity  of  whinftone,  melted  in  the  manner  above  defcribed,  being 
removed  from  the  reverberatory,  and  conveyed  rapidly  to  a  large  open  (ire,  was  imme- 
diately furrounded  with  burning  coals,  and  the  fire,  after  being  maintained  feveral  hours, 
was  allowed  to  go  out.  The  crucible,  when  cold,  was  broken,  and  was  found  to  contain 
a  fubftance,  differing  in  all  refpe&s  from  glafs,  and  in  texture  completely  refembling  whin- 
ftone. Its  fracture  was  rough,  (iony  and  cryftalline;  and  a  number  of  (tuning  facettes 
were  interfperfed  through  the  whole  mafsf.    The  cryftallization  was  ftill  more  apparent  in 

cavities 

•  Called  Bell's  Mills  Quarry. 

f  It  contained  a  number  of  (mall  globules  like  lead  (hot,  which  were  found  to  confift  of  regulus  of 
iron,  reduced  from  the  oxide  in  the  whinftone,  by  means  of  the  carbonic  matter  of  the  black  lead  crucible. 
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cavities  produced  by  air  bubbles,  the  internal  furface  of  which  was  lined  with  uiftin& 
cryftals  *. 

Having  (hewn  this  refult  to  feveral  of  my  friends,  Dr.  Hope  regretted  that  the  fubftance* 
previoufly  to  its  artificial  cryftallization,  had  not  been  reduced  to  the  date  of  folid  glafs ; 
fince  the  adverfaries  of  the  fyftem  might  alledge,  that,  during  the  a£Hon  of  heat,  the  ori- 
ginal cryftallized  texture  of  the  (tone  had  never  been  completely  deftroyed.  Being  con* 
vinced  of  the  propriety  of  this  observation,  t  determined,  in  future,  to  reduce  the  (lone 
firft  to  glafs,  and  to  perform  the  cryftallization  after  a  fecond  fufion. 

For  this  purpofe,  with  the  affiftance  of  Dr.  Kennedy,  to  whofe  co-operation  I  am 
greatly  indebted  for  the  fuccefs  of  all  the  following  experiments,  I  reduced  a  quantity  of 
the  fame  whinflone  to  mod  perfect  black  glafs.  A  crucible,  filled  with  fragments  of  this 
glafs,  being  then  expofed  to  a  heat,  which,  from  previous  trials,  was  judged  to  be  more 
than  fufficient  to  reduce  its  contents  to  fufion,  the  fife  was  very  gradually  lowered  till  all  was 
cold.  I  thus  expe&ed  to  obtain  a  refult  fimilar  to  that  laft  mentioned,  but  found,  to  my 
great  furprife,  that  the  fragments  had  never  been  in  complete  fufion,  fince  they  dill,  in  a 
great  meafure,  retained  their  original  (hape.  This  extraordinary  fa£t,  which  afterwards 
led  to  the  difcovery  of  fome  curious  properties  of  whinflone,  will  be  fully-accounted  for  in 
a  fubfequent  part  of  the  paper. 

Another  portion  of  the  fame  glafs  being  perfe&ly  melted  by  a  very  ftrong  heat,  the 
temperature  was  reduced  to  about  a  8  of  Wedgwood,  and  was  maintained  at  that  pitch 
during  fix  hours.  The  refult  was  a  perfeAly  folid  mafs,  cryftallized  to  a  certain  depth 
from  the  outfide,  though  ftill  vitreous  in  the  heart.  In  another  experiment,  performed 
like  the  laft  in  all  refpefts,  except  that  the  heat  was  maintained  at  a8  during  twelve  hours* 
I  obtained  a  mafs  entirely  cryftalline  and  (tony  throughout,  with  facettes  appearing  in  the 
folid  parts,  and  (mall  cryftals  (hooting  into  fome  of  the  cavities. 

Soon  after  I  had  communicated  thefe  refults  to  Dr.  Hope,  he  performed;  with  complete 
fuccefs,  an  experiment  fimilar  to  the  firft,  in  which  I  had  obtained  a  cryftallized  fubftancej 
by  the  gradual  cooling  of  the  melted  (lone.  The  fame  was  likewife,  foon  afterwards*, 
performed  by  Mr.  Bofwell  of  Auchinleck. 

My  experiments,  already  defcribed,  were  confined  to  one  fpecies  of  whinftone ;  but 
have  fince  been  extended  to  fix  other  varieties*  They  were  all  firft  reduced  to  glafs  by  the 
application  of  a  ftrong  heat,  and  fubfequent  rapid  cooling.    After  a  fecond  fufion  they 

t 

By  this  reduction,  as  a  portion  of  its  iron  was  withdrawn  from  tjie  maft,  and  as  the.  relative  proportion  of 
the  component  elements  was  thus  varied,  the  nature  of  the  original  fubftance  could  not  fail  to  be  changed, 
I  determined,  on  this  account,  to  lay  afide  black  lead  crucibles  in  future.  The  propriety  of  this  has  fince 
been  fully  proved ;  for  the  firft  refult  is  found  to  differ  eflentfally  from  thofe  obtained  in  all  my  fubfequent 
experiments,  which  were  performed  with  Heflian  crucibles,  or  with  others,  which,  like  them,  contaia  no  > 
fenfible  quantity  of  carbonic  matter. 
*  I  fhowed  this  refult  at  a  meeting  of  the  Society  on  5th  of  February. 

were 


Experiments  on  Whinftont  and  Lava*  -  13 

were  cryftallizdH,  by  being  kept  long  in  a  ftationary  temperature,  between  28  and  30. 
This  laft  operation  was  beft  performed  in  a  long  and  narrow  muffle,  wholly  furrounded 
with  burning  coals,  according  to  a  pra&ice  long  followed  by  Dr.  Kennedy,  by  which  the 
heat  could  be  maintained  with  fo  great  fteadinefs  as  to  render  the  refult  almoft  certain. 

The  fufibilities  were  determined  in  an  open  muffle,  in  which  a  fragment  of  the  fubftance 
under  trial  was  placed  contiguous  to  a  pyrometer  pieee.  As  foon  as  the  fragment,  in  con- 
fequence  of  the  gradual  rife  of  heat,  had  fo  far  foftened  as  to  yield  to  the  touch  of  a  bent 
iron  rod,,  the  pyrometer  was  removed  and  meafured.  The  fuGbilities,  thus  obtained^  in 
degrees  of  Wedgwood's  fcale  *,  have  been  dated  in  a  table,  to  which  I  would  be  under- 
stood always  to  refer.  I  have  diftinguifhed  the  cryftallized  fubftances,  obtained  from  the 
glafles,  by  the  name  of  ctyftal/ite,  a  term  fuggefted  by  Dr.  Hope.  It  may  be  obferved  in 
this  table,  that  the  original  whins  foften  in  a  range  from  38  to  55 ;  the  glafles  from  15  to 
24,  and.  the  artificial  cryftallites  from  32  to  45, 

No.  1.     Whin  of  Belts  Mills  Quarry. 

This  ftone  was  the  fubje£t  of  all'  the  foregoing  experiments,  which  were  frequently  re- 
peated with  fuccefs  on  a  large  fcale. 

In  trying  the  fuflbility  of  the  glafs  obtained  from  it,  a  curious  circumftance  occurred, 
which  accounts  for  the  unexpected  refults  already  mentioned.  I  had  placed  in  the  muffle 
a  long  and  Sender  fragment  of  this  glafs,  with  its  extremities  retting  on  two  fupports  of 
clay,  and  its  middle  unfupported.  Having  then  increafed  the  temperature  by  flow  degrees, 
I  expe£ted  to  difcover  the  loweft  point  of  emollefccnce,  by  obferving  when  the  fragment 
funk  by  its  own  weight.  The  muffle  having  attained  a  moderate  heat,  I  obferved  the  glafs 
to  lofe  its  (hape  a  little.  Wifhing  to  fee  it  completely  melted,  the  fame  heat  was  continued, 
but  no  further  change  took  place*  The  heat  was  then  raifed  feveral  degrees,  but  without 
efieft.  At  laft,  being  urged  ftill  further,  the  glafs  funk  down  completely  between  its  fup- 
ports.   The  pyrometer  being  then  withdrawn,  denoted  a  temperature  above  30. 

It  occurred  to  me,  that,  on  this  occafion,  the  glafs,  by  the  firft  application  of  heat,  had 
foftened,  and  then  had  cryftallized,  fo  as  to  become  hard  again 5  that,  in  cryftallizing,  it 
had  acquired  fuch  infufibility  as  to  yield  to  no  heat  under  30.  I  immediately  confirmed 
this  conje&ure  by  the  following  experiment: 

A  piece  of  the  fame  glafs,  placed  in  a  cup  of  clay,  was  introduced  into  the  muffle,  heated1 
to  21.  In  one  minute  it  became  quite  foft,  fo  as  to  yield  readily  to  the  preflure  of  an  iron 
rod.    After  a  fecond  minute  had  elapfed,  the  fragment,  being  touched  by  the  rod,  was 

*  The  meafurement  of  the  temperatures  may  be  relied  upon  as  accurate ;  they  were  determined  by  two  ■ 
fets  of  pieces,  one  purchased  by  me  during  the  lifetime  of  the  late  Mr.  Wedgwood,  and  the  other  like  wife 
made  by  him,  belonging  to  Dr.  Kennedy.    The  two  fets  correfpond  exactly  $  and  £>r.  Kennedy's  had,  at 
hi*  requeft,  been  carefully  examined  by  the  prefent  Mr.  Wedgwood,  who  found  them  true  by  his  father's 
tpggnai  ftandard*. 

found. 
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found  to  be  quite  hard,  .though  the  temperature  had  remained  fttdostry.  *The  fubftattcc,- 
thuft  hardened,  had  undergone  a  change  throughout;  it  had  loft  the  vitreous  character  > 
when  broken,  it  exhibited  a  frs&ure  like  that  of  porcelain,  with  little  luftre  ;  and  its  ccw 
lour  was  changed  from  black  to  dark  brown.  Being  expofed  to  heat,  it  was*  found  to  be 
fufibie  onlv,at  3 1 ;  that  is,  it  was  lefe  fufible  than  the  glafs  by  13  or  14  degrees. 

Numerous  and  varied  experiments  have  fince  proved,  in  the  deareft  manner,  that,  in  any 
temperature,  from  21  to  28  inclufive,  the  gfaft  of  this  whin  pafies  from  a  foft,  or*  liquid 
ftate,  to  a  folid  one,  in  confequence  of  cryftallization ;  which  is  ^tfferently  performed 
at  different  points  of  this  range.  In  the  lower  points,  as  at  23,  it  m  rapid  and  impcr- 
feQ. ;  in  higher  points,  (lower  and  more  complete,  every  intermediate  temperature  afford- 
ing an  intermediate  refult.  I  likewife  found,  that  cryftallisiation  takes  place,  not  only  when 
die  heat  is  ftationary,  but  lifcrwife  when  riling  or  finking,  provided  its  progrefs  through 
the  range  juft  mentioned  is  not  too  rapid.  Thus,  if  the  heat  of  the  fubftance,  after  fufion, 
exceeds  one  minute  in  paffing  from  21  to  23,  or  from  23  to  31,  the  mafs  will  infallibly 
cryftallize,  and  lofe  its  vitreous  character. 

Thefe  fa&s  enabled  me  to  account  for  the  produ&ioa  of  the  (ubftaoce  refembling  the 
liver  of  an  animal,  which  I  obtained  in  my  firft  attempts  to  cryftallize  tbe  melted  ftone. 
Not  being  then  aware  of  the  temperature  proper  for  complete  cryftallization,  I  had  allowed 
it  to  be  palled  over  rapidly  by  the  descending  heat,  and  I  had  begun  the  flow  cooling  in 
thofe  lower  points,  at  which  the  formation  of  this  intermediate  fubftance  takes  place. 

By  the  fame  means  I  was  enabled  to  explain  the  other  unexpe&ed  refult,  which  I  ob- 
tained in  endeavouring  to  convert  the  glafs  of  this  ftone  into  cryftallite.  The  fire  applied 
to  tjie  crucible,  containing  fragments  of  the  glafs,  had  been  vaifed  very  flowly,  which  I 
know  to  have  been  the  cafe  by  fome  circumftances  of  the  experiment.  The  glafs  had 
foftened  by  the  firft  application  of  heat,  but  had  cryftallized  again  as  the  heat  gradually 
rofej  to  that  the  fubftance  confolidated,  while  ftill  fo  vifcid  as  to  retain  the  original 
fhape  of  the  fragments ;  at  the  fame  time  it  acquired^  fuch  infuGbility  as  to  refill  the  appli- 
cation of  higher  degrees  of  heat  during  the  reft  of  the  procefs. 

No.  2.     Whin  of  the  Rock  of  Edinburgh  Caftle. 

This  is  a  bafalt  of  a  blackifh  blue  colour.  Its  grain  is  fine,  and  its  fra&ure  uneven,  par- 
taking of  the  fplintery.  It  is  in  general  homogeneous,  although,  in  fome  pieces,  a  very 
few  minute  cryftals  of  hornblend  are  perceptible.  It  has  fome  luftre,  from  a  number  of 
fmall  (hining  facettes ;  has  an  earthy  fmell  when  breathed  on  ;  and  gives  fire  flightiy  with 
fteel. 

The  pure  glafs  which  this  whin  yielded,  by  rapid  cooling  after  a  moderate  heat,  was 
cryftallized  in  three  experiments,  and  produced  maffes  greatly  refembling  the  original  In 
one  of  thefe,  formed  on  a  large  fcale  in  die  glafs-houfe,  the  refemblance  is  fo  ftroog,  both  as 
to  colour  and  testure}  that  it  would  be  difficult,  or  perhaps  impoffible,  to  diftinguilh  them, 

*    but 
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tbt  for  a  few  minute  txr  tabbies  rifiblc  in  the  artificial  cryftallite.  The  glafs  isltfs  fufible 
than  that  of  No.  I.  and  feems  not  to  pofiefs  the  property  of  producing  the  liver  cryf- 
tallite. 

No.  3*     Whin  of  the  Bafcdtic  Columns  em  Arthur's  Staty  near  Edinburgh. 

Its  bafis  is  a  bafalt  of  a  dark  grey  colour,  and  .uneven  fra&ure.  It  contains  numerous 
laminar  cryftals  of  felfpar,  which  feem  to  be  almoft  colourlefs,  and  have  confiderable  luftre 
and  tranfparency.  It  alfo  contains  fome  black  hornblend.  It  has  an  earthy  fmell  when 
breathed  on,  and  gives  fparks  flightly  with  fteel. 

In  the  temperature  of  ioo,  or  upwards,  flic  whole  was  changed  to  pure  black  glafs;  but 
in  a  more  moderate  heat,  (about  60),  the  felfpat  remained  unchanged,  while  the  horn- 
blend  difappeared,  and  formed  a  glafs  along  with  the  balls  of  the  ft  one.  Both  kinds  of  glafs 
yielded  highly  chara&erifed  cryftallites;  that  laft  mentioned,  naving  its  felfpars  entire, 
produced  a  fubftance  like  porphyry,  in  which  the  white  felfpars  were  embedded  in  a  black 
cryftalline  bafis.  The  cryftals  foqned  in  this  bafis  are  fo  complete  in  one  example,  that 
they  are  feen  projefting  into  the  cavities,  and  {landing  ere&  on  the  external  furface,  fo  as 

1 

to  make  it  fparkle  all  over.     Thefe  black  cryftals  feem  to  be  hornblend  of  new  formation,  f 
We  have  found,  by  fome  late  experiments,  that  they  are  confiderably  more  refra&ory  than 
the  cryftallite  in  which  they  lie,  and  are  equally  infufible  with  fome  fpecies  of  natural  horn- 
blend. 

No.  4.     Whin  /rem  the  Neighbourhood  of Duddingftone  Loch. 

• 

It  has  for  its  bafis  a  black  bafalt  of  an  uneven  fra&ure.  In  it  are  embedded  augit  in 
numerous  cryftals,  felfpar  in  a  fmaller  proportion,  and  difperfed  grains  of  olivin.  The  fel- 
fpar feems  to  be  greenifti-white,  with  confiderable  luftre  and  tranfparency.  The  ftone  gives 
fire  with  fteel,  and  has  a  flight  earthy  fmeH  when  breathed  on.  Its  glafs  yields  a  fine 
grained  cryftallite,  like  that  of  No.  1. 

No.  5.     Whin  of  Salijbury  Craig  near  Edinburgh. 

This  fpecies  is  an  aggregate  of  black  hornblend,  and  of  a  greenifh- white  matter,  both  in 
minute  grains.  The  greenifh-white  matter  refembles  felfpar,  but  is  much  more  fufible. 
The  general  characters  are  nearly  the  fame  with  thofe  of  the  fpecimen  already  defcribed, 
No.  i.  It  has  confiderable  luftre,  chiefly  from  the  hornblend;  an  earthy  fmell  when 
breathed  on  $  and  gives  fome  fparks  with  fteel.  Its  glafs  yielded  a  highly  facetted  cryftal- 
lite, approaching  to  the  ftru&ure  of  the  original  whinftone,  No.  4. 

No.  6.     Whin  from  the  Water  of  Leith. 

It  is  found  in  great  blocks  in  the  bed  of  the  river,  and  has  been  brought  there  no  doubt 
from  a  mafs  of  the  fame  kind  in  the  mountains  above.  In  confifts  of  black  hornblend,  and 
of  a  whitifh  matter  refembling  felfpar,  as  in  No.  1.  and  No.  5.  Thefe  two  ftibftances  are 
nearly  in  equal  proportion,  and  are  confufedly  and  imperfe£tly  cryftallized  in  minute  mafles. 
If  the  whitifti  fubftance  were  felfpar,  this  ftone,  as  well  as  that  laft  mentioned,  would 
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be  the  griinftein  of  Werner ;  but  this  white  fubftance  is  far  more  fufible  than  felfpar,  and 
melts  at  a  lower  heat  than  the  hornblend,  with  which  it  is  mixed.  It  has  an  earthy  fmcll 
when  breathed  on,  and  may  be  fcratched  with  difficulty  by  a  knife. 

In  fufion  and  cryftallization  it  refembled  tho  other  whins.  A  fragment  fimilar  to  this 
in  all  refpefts,  whkh  I  found  in  the  neighbourhood  of  Edinburgh,  manifefted  fo  ftrong  a 
difpofition  to  cryftallize,  that,  though  cooled  in  die  open  air  after  fufion,  it  was  found  ftony 
in  the  heart,  with  a  vitreous  outfide.  When  cryftallized,  however,  with  every  precaution, 
it  yielded  no  remarkable  refult. 

No.  7.     Whin  of  the  Balfaltlc  Columns  o/Stafa. 

I  received  this  fpecimen  from  a  gentleman  who  broke  it  from  the  original  rock.  It  is 
bafalt  of  a  bluifli-black  colour.  It  is  fine  grained  and  homogeneous ;  and  its  frafture  is 
uneven.  It  has  a  fmall  degree  of  luftre,  from  a  number  of  minute  finning  points  percep- 
tible in  a  ftrong  light.  It  gives  an  earthy  fmell  when  breathed  on,  and  may  be  fcratched 
with  difficulty  by  a  knife.  It  yielded  a  perfeft  and  very  hard  glafs,  which,  in  a  regulated 
heat,  produced  a  uniform  ftony  cryftallite,  greatly  refembling  the  original. 

It  has  thus  been  fhown,  that  all  the  whins  employed  afiume,  after  fufion,  a  ftony  cha- 
racter, in  confequence  of  flow  cooling  \  and  the  fuccefs  of  thefe  experiments,  with  fo  many 
varieties,  entitles  us  to  afcribe  the  fame  property  to  the  whole  clafs.  The  arguments, 
therefore,  againft  the  fubcerraneous  fufion  of  whinftone,  derived  from  its  ftony  chara&er, 
feem  now  to  be  fully  refuted. 


Experiments  on  Lava. 

In  the  investigation  of  Dr.  Hutton's  fyftem,  great  advantage  may  be  expe£ted  from  an 
examination  of  lavas.  They  have  undoubtedly  flowed  on  the  furface  by  means  of  heat ; 
and  whinftone,  according  to  his  hypothefis,  having  flowed  in  the  bowels  of  the  earth  by  the 
influence  of  the  fame  agent,  the  two  claiTes  ought  to  poflefs  many  properties  in  common, 
by  which  the  hiftory  of  both  may  be  illuftrated. 

I  have  been  enabled  to  inftitute  a  comparifon  between  them,  by  means  of  a  cabinet  of 
volcanic  productions  which  I  collected  in  1785,  in  company  with  Dr.  J.  Home  of  this  So- 
ciety, on  Vefuvious,  JEtna,  and  the  Lipari  Ifles.  On  this  occaGon  we  were  greatly  affifted 
by  the  celebrated  M.  Dolomieu*,  who  accompanied  us  in  part  of  our  expedition.  This 
author  complains,  in  his  writings,  that  travellers,  in  collecting  volcanic  productions,  have 
brought  away  only  the  fuperficial  fcoria  of  lavas,  which  nearly  refemble  each  other  in  all 

*  Though  I  differ  widely  from  this  gentltman  in  many  of  his  theoretical  opinions,  I  cannot  too  (trongly 
exprefs  my  admiration  of  his  merit  as  a  natural  hiftorian.  His  descriptions  of  countries,  as  well  as  of 
minerals,  prefent  the  moft  lively  reprefentations  to  the  mind  of  the  reader,  which,  in  the  numerous  inftances 
I-haye  witnefled,  are  perfectly  correct* 
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cafes,  and  convey  no  idea  of  the  real  character  of  the  lava,  which  can  only  be  feen  in  the 
interior  parts  of  the  currents.  In  forming  our  collection  we  fcrupuloufly  avoided  this  er- 
ror, and  chofe  fuch  fpecimens  only,  as  were  the  nioft  compa£t  and  free  from  thefcorified 
appearance  of  the  furface. 

When  thefe  folid  lavas  are  compared  with  our  whinftones,  the  refemblance  between  the 
two  clafles  is  not  only  flriking  at  firft  fight,  but  bears  the  clofeft  examination*  They  both 
confift  of  a  ftony  bafis,  which  frequently  contains  detached  cryftals  of  various  fubftances, 
fuch  as  white  felfpar  and  black  hornblend.  The  analogy  between  the  two  clafles  feems  to 
hold  through  all  their  varieties ;  and  I  am  confident  that  there  is  not  a  lava  of  Mount  iEtna 
to  which  a  counterpart  may  not  be  produced  rom  the  whinftones  of  Scotland. 

This  refemblance  in  external  chara&er  is  accompanied  with  an  agreement  no  lefs  com- 
plete in  chemical  properties.  But  before  I  mention  the  experiments  which  tend  to  prove 
this  agreement,  it  will  be  necefiary  firft  to  examine  the  opinion  of  two  very  celebrated  au- 
thors concerning  lavas.  M.  Dolomieu  and  Mr.  Kirwan,  though  they  differ  widely  in  many 
refpe&s,  agree  in  believing,  that  lavas  have  never  been  a&ed  upon  by  heat  of  fufficicnt  in- 
tenfity  to  produce  complete  fufion ;  and  endeavour,  each  by  an  hypothecs  peculiar  to  him- 
felf,  to. account  for  their  fluidity.  The  opinion  of  thefe  gentlemen  is  of  fuch  importance  in 
the  prefent  queftion,  and  the  arguments  they  have  ufed  are  fo  extraordinary,  that  I  mud  beg 
leave  to  quote  their  words  at  full  length. 

M.  Dolomieu  dates  his  opinion  in  the  following  pafiage,  (IJles  Poncesy  p.  7.):  (<  II  eft 
"  eflentfel  de  conftater,  par  beaucoup  d'exemples  et  d'obfervations,  quelques  vcrite3  que 
"•  j'ai  annoncees  il  y  a  plufieurs  annees,  favoir,  que  le  feu  des  volcans  ne  denature  pas  ordi- 
"  naircment  les  pierres  qu'il  a  mifes  en  etat  de  fufion ;  qu'il  ne  les  altere  pas  au  point  de 
€t  ne  pouvoir  les  reconnoitre,  de  ne  pas  diftinguer  quelle  a  pu  etre  la'bafe  des  ljives  *,  que 
"  ce  feu  agit  differemment  que  le  feu  de  nos  fourneaux,  tel  que  nous  l'employons  dans  la 
"  chimie  et  dans  les  arts ;  qu'il  produit  dans  les  laves  une  fluidite  qui  n'a  aucun  rapport 
"  avec  la  fluidite  vitreufe,  que  nous  operons,  lorfque  nous  traitons  a  grand  feu  les  memes 
u  matieres  qui  leur  fervent  de  bafe,  et  lorfque  nous  voulons  rendre  aux  laves  elles  memes 
"  leur  fluidite.  Celui  des  volcans  n'a  point  d'intenfite;  il  ne  peut  pas  meme  vitrifier  les 
44  fubftances  les  plus  fufibles,  tels  que  les  fchorls,  qui  fe  trouvent  comme  parties  confti- 
<c  tuantes  dans  l'intcrieur  des  laves ;  il  produit  la  fluidite  par  une  efpece  de  diflblution  par 
4i  une  fimple  dilation,  qui  permet  aux  parties  de  glifler  les  unes  fur  les  autres,  et  peutetre 
€C  encore  par  le  concours  d'une  autre  matiere  qui  fert  de  vehicule  a  la  fluidite." 

Mr.  Kirwan  cenfures  this  fuppofition  as  ftrange  and  inconceivable  \  but  in  my  opinion, 
that  which  he  has  brought  forward  is  not  lefs  fo.  In  the  Elements  of  Mineralogy,  fecond  edition^ 
vol.1,  p.  396.  he  fays:  "Now,  there  are  but  three  forts  of  fufion  with  which  we  are  ac- 
"  quainted :  that  which  produces  porcelain  ;  that  which  produces  enamels  and  femi-vitri- 
"  fications ;  and  that  which  produces  glafs.  By  infpefting  lava  we  fhall  find  that  very 
"  little  of  it  has  been  in  any  of  thefe  ftates ;  fince  therefore  it  has  flowed,  it  is  plain  it  has 
*'  derived  its  liquifa&ion  not  from  the  fufion  of  its  own  materials)  but  from  that  of  fome 
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c<  foreign  fubftance  mixed  it.  This  fa&  is  fo  plain,  that  it  has  even  (buck  M.  Dolomieu, 
•M  in  the  midft  of  his  prepofieffions  in  favour  of  fome  ftrange  inconceivable  power,  which 
"  he  attributes  to  volcanic  fire,  of  melting  earthy  fubftances,  without  effecting  an  alteration 
"  in  their  fenfible  qualities.  "  I  hope/9  fays- he,  u  to  prove,  that  lavas  contain,  in  their 
"  interior,  a  combuftjjrie  matter,  which  burns  and  confumes  in  the  fame  manner  as  other 
"  inflammables,"  IJlet  Ponces,  io.  Yet  he  negle&s  telling  us  what  this  matter  is;  though 
a  it  plainly  appears  to  be  no  other  than  fulphur  and  bitumen,  of  which  an  immenfe  quan- 
<c  tity  is  found  in  all  volcanos,  which  liquefies  in  a  low  degree  of  heat,  and  caufes  all  the 
"  ftony  fubftances  to  flow  that  are  immerfed  in  it." 

(To  be  continued.) 
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\ 

On  the  Hydraulic  Machine  ereSed  at  the  Mines  ofSchemnitz  in  Hungary. 

To  Mr.  NICHOLSON. 
SIR, 

A  HE  early  infertion  of  the  extra&  which  I  fent  you  from  the  Micrographia  of  Robert 
Hooke  in  your  laft  Number,  encourages  me  to  requeft  you  will  give  fome  account,  with 
your  opinion,  of  a  machine  for  raifing  water  at  the  mines  in  Hungary,  upon  the  principle 
of  the  fountain  of  Hiero.  It  is  (lightly  mentioned  in  many  elementary  books,  but  I  cannot 
point  out  the  work  in  which  it  was  originally  publifhcd,  nor  fay  thing  more  thah  that  I 
believe  it  has  not  been  accurately  defcribed  in  any  Englifh  work. 

I  am,  &c. 

R.  B. 

4 

London^  Feb.  20,  itfoo. 


The  account  was  firft  given  to  the  Royal  Academy  at  Paris  by  their  correfpondent,  M. 
Jars,  and  inferted  in  their  Memoirs  for  the  year  1768.  The  machine  was  executed  in 
the  year  17^5,  and  ufed  to  raife  the  water  of  a  (haft  named  Amalieym  the  mines  at  Schem- 
nitz.  Fig.  1,  Plate  2,  is  copied  from  the  engraving  of  Jars.  It  is  placed  at  the  depth  of 
forty  toifes  beneath  the  furface  of  the  ground  above.  The  wooden  trough  A  is  a 
kind  of  refervoir  at  the  end  of  a  channel  which  conveys  the  water  by  which  the  machine 
is  worked.  The  pipes  are  not  drawn  in  the  proportion  of  their  lengths,  but  contra&ed  to 
die  fpace  of  the  defign.  B  B  conveys  the  water  from  it  into  the  refervoir  D,  which  is 
twenty-two  toifes  lower  than  A.  This  pipe  defcends  very  nearly  to  the  bottom  of  D,  as 
is  (hewn  by  the  dotted  line,  with  the  intention  that  the  included  air  (hall  be  forced  to 
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afcend  and  pafc  through  the  pipes  H  into  another  refervoir  t  Aill  lower*  The  pipe*  N, 
through  which  the  fubterraneous  waters  are  raifed,  are  fixteen  toifes  in  height.  They 
begin  very  near  the  bottom  of  the  veffel  I,  in  order  that  the  air  from  that  refenroir  may  not 
efcape  until  all  the  water  has  been  raifed. 

The  pipes  B  and  N  are  four  and  a  half  (French)  inches  in  diameter  within ;  but  thofe 
H  for  the  air  are  only  three  inches  in  diameter  at  iffuing  from  the  refervoir  D,  and  two  and 
a  half  when  they  enter  .the  refervoir  I,  and  this  alfo  is  the  diameter  of  the  pipe  P.   ' 

The  wooden  trough  L  is  the  termination  of  a  trough  or  channel  from  another  engine, 
which  raifes  the  waters  from  a  yet  greater  depth.  From  this  proceeds  a  pipe  with  a  cock 
K,  in  order  that  the  water  from  L  may  ekher  be  admitted  into  I,  or  intercepted  at  pleafure. 

The  refervoir  D,  which,  as  well  as  I,  is  made  of  an  alloy  of  copper  and  tin,  is  of  double 
the  capacity  of  I.  It  is  eight  feet  and  a  half  high,  and  five  feet  diameter  infide  meafure* 
and  its  thicknefs  is  two  inches.  The  lower  refervoir  I  is  four  feet  in  diameter,  and  fix 
feet  and:  a  half  high  infide  meafure,  and  its  thicknefs  one  inch  and  a  half.  Each  of  thefc 
veflels  was  caft  in  three  pieces,  as  the  drawing  (hews,  which  are  joined  by  flanches  and 
fcrews,  a  ring  of  lead  and  another  of  leather  being  placed  between,  to  fecure  the  joint,  and 
prevent  the  tranfmiffion  of  any  fluid.  M.  Jars  obferves,  that  the, pipes  would  have  been 
better  if  connc&ed  in  the  fame  manner ;  but  the  pra&ice  is  to  drive  the  ends  of  the  pipes 
into  hollow  cylinders  of  very  dry  wood,  iron  bound  with  three  hoops.  Thefe  anfwer  very 
well,  and  are  of  confiderable  durability. 

The  cocks  C*  E,  K  are  fcrewed  in  their  places  by  caps  or  covers  fattened  down  with 
fcrews. 

When  the  machine  is  to  be  put  into  a£Hon,  all  the  cocks  are  clofed,  and  as  the  refervoir 
A  is  always  full,  the  pipe  B  is  alfo  full,  as  far  as  the  cock  C.  The  refervoir  L  is  alfo  con- 
ftantly  full  of  water  from  the  mine  which  is  to  be  raifed  fixteen  toifes  to  O.  For  this  purpose 
the  cock  K  is  opened,  and  the  water  flows  into  I,  the  air  being  fuficred  to  efcape  from  that 
veffel  by  turning  the  cock  M.  The  veffel  is  known  to  be  full  by  die  emiffion  of  water 
through  P  i  at  which  inftant  both  the  cocks  K  and  M  are  clofed.  Immediately  afterwards 
the  cocks  C  and  G  are  opened,  and  the  water  from  A  entering  B,  coraprefies  the  included 
air,  and  forces  it  through  the  pipes  H,  where  it  prefles  on  the  furface  of  the  water  con- 
tained in  the  inferior  refervoir  I,  and  forces  that  fluid  to  afcend  through  N  to  O,  or  the 
Adit  through  which  it  is  discharged.  This  water  being  raifed,  and  the  refervoir  I  being 
empty,  the  cocks  C  and  G  are  (hut,  and  E  and  F  is  then  opened,  the  firft  to  fuffer  the  con* 
tents  of  D  to  flow  off,  and  the  fecond  to  accelerate  the  difcharge,  by  admitting  the  external 
air.  Both  thefe  cocks  are  3gain  clofed  as  foon  as  the  evacuation  is  completed.  During 
this  laft  operation,  another  man  below  opens  the  cocks  K  and  M,  by  which  the  included  air 
iflues  with  great  force  through  P,  and  the  water  from  L  again  fills  the  refervoir  I  as  at  firft. 
The  operations  of  doling  K  and  M,  and  opening  C  and  G,  being  therefore  again  repeated, 
the  contents  of  I  are  again  forced  up  to,  and  thus  the  engine  may  be  kept  continually 
at  work*. 
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Each  alternation  employs  about  three  minutes,  and  raifes  between  t went yf nine  and  thirty  ^ 
cubic  feet  of  water,  which,  in  the  courfe  of  the  natural  day,  amounts  to  twelve  or  thirteen 
thoufand  cubic  feet  of  water,  raifed  by  the  fall  of  about  double  the  quantity  through  a 
fomewhat  greater  height.  Two  men  *  are  required  to  attend  it ;  but  M.  Jars  feems  to 
think,  that  on  account  of  the  fimplicity  and  cheapnefs  of  its  conftru£tion,  and  the  little  wear 
and  tear,  together  with  the  facility  with  which  it  may  be  made  to  work  and  flop  for  very 
ihort  periods  of  time,  it  would  be  of  great  value  in  fuch  places  as  afford  the  requifite  fall  of 
fuperior  water,  and  do  not  require  a  higher  fingle  lift  than  fifteen  or  twenty  toifes  (or 
fathoms.) 

The  fall  of  twenty-two  toifes  given  to  the  fuperior  water  ia  not  neceflary  for  railing 
the  column  of  fixteen,  though  it  is  profitable,  by  increafing  the  velocity  of  afcent.  But  it 
wa6  at  firft  intended  to  force  the  lower  water  as  high  as  twenty-one  toifes,  which  could  not 
be  performed  with  the  apparatus  then  fet  up.  For  at  the  very  firft  introduction  of  water 
into  the  vefiel  D,  it  burft  with  an  efieft  which  fufficiently  (hewed  the  power  of  fuch  a 
column  of  water  compreffing  a  mafs  of  air  which,  by  its  elaflicity,  was  difpofed  to  give  a 
a  vibratory  or  jerking  motion  to  the  agent. 

When  the  machine  is  near  the  end  of  its  a&ion,  that  is  to  fay,  when  nearly  the  whole  of 
the  water  has  been  raifed  out  of  the  refervoir  I,  if  the  cock  M  be  opened  to  give  vent  to  the 
comprefled  air,  and  a  hat,  or  miner's  bonnet,  be  prefented  to  the  aperture  P,  the  aqueous 
vapours  difperfed  through  the  comprefied  air,  and  perhaps  alfo,  fays  M.  J.  part  of  thofe 
of  the  external  air,  are  condenfed  on  the  bonnet,  in  the  form  of  very  white  and  compaft  ice, 
very  much  refembling  hail,  and  not  eafily  feparated  from  the  bonnet:  it  foon  melts,  which 
is  not  to  be  wondered  at,  as  the  temperature  of  the  place  itfelf  is  not  cold.  'MefTrs.  du 
Hamel  and  Jars  remained  in  Hungary  from  January  to  July,  1758,  and  obferved  the  fame 
phenomenon  at  all  feafons ;  but  as  they  had  hot  a  thermometer,  they  could  not  make  a 
number  of  experiments,  which  might  have  been  of  value  in  the  inveftigation  of  the 
fubjeft. 

It  is  obfervable,  that  the  air  ifliies  out  with  fuch  tmpetuofity,  that  the  workman  could  not 
hold  the  bonnet  at  the  diftance  of  a  few  inches  from  the  aperture,  as  he  does  in  this  ex- 
periment, if  he  were  not  fupported  behind.  The  ice  is  much  more  compact  if  the  cock  be 
only  in  part  opened. 

On  the  above,  which  is  tranflated  from  the  Memoir  of  M.  Jars,  with  very  little  abridge- 
ment, I  have  fcarcely  any  additional  remark  to  make.  The  utility  of  this  engine,  under  the 
circumftanees  here  ftated,  is  fufficiently  clear,  and  its  applications  might  become  more  ex- 
tenfive,  if  the  improvements  fuggefted  in  the  preceding  note  were  added.  In  particular, 
where  a  ftream  flows  with  the  poflibUity  of  carrying  off  part  of  the  water  by  a  deep 

*  It  feems  very  eafy  to  conneet  the  levers  of  the  cocks  above  and  below,  Co  as  to  require  only  one  man  to- 
work  the  whole  fet :  and,  indeed,  there  would  be  little  difficulty  in  making  the  machine  work  itfelf  fafely 
-without  any  attendant  except  to  fet  it  off  at  firft,  or  ftop  it  when  requifite.  —  N. 
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(haft  or  drain,  it  would. be  practicable  by  the  fall  of  part  to  raife  the  remainder  to  the  top  of 
an  houfe  or  building  for  domeftic  or  other  purpofes.  In  this  cafe  it  would  be  requifite  to 
place  the  firft  veffei  D  at  the  bottom  of  the  ftaft,  and  the  fecond  I  at  the  level  of  the  dream, 
and  the  operation  of  this  inverted  engine  would  force  water  nearly  as  high  above  that  level 
as  the  depth  of  the  (haft  might  be  below  it. 

If  the  afcendingand  defcending  columns  were  of  equal  length,  they  would  be  in  equilibrlo, 
and  no  more  water  would  rife  than  juft  to  fill  the  lower  tube.  The  velocity  of  afcent,  fup- 
pofing  fufficient  water  way,  and  other  circumftances,  fuch  as  the  inflexions  of  the  pipes,  to 
be  properly  difpofed,  will  depend  on  the  excefs  of  length  in  the  defcending  column,  and 
this  excefs  is  capable  of  a  maximum  relative  to  the  quantity  raifed  to  a  given  height,  or  as 
engineers  call  it,  the  effeft.  The  longer  the  lift,  the  lefs  the  quantity  raifed,  fuppofing  the 
upper  refervoir  to  be  of  a  given  magnitude,  the  denfities  of  air  being  inverfely  as  the 
preflures,  or  length  of  the  prefling  column,  and  the  quantity  raifed  being  equal  to  that  of 
the  air  in  its  lomprefied  (late.  Whence  it  follows,  that  the  whole  quantity  raifed  will  be 
kfs  the  fewer  the  lifts. 

I  do  not  underfland  the  hypothefis  upon  which  this  machine  was  condru&ed.  The  re- 
fcrvoirs  have  their  capacity  as  2  to  i .  But  the  air  fubje£ted  to  the  re-a£Hon  of  a  column  of 
16  toifes,  befides  the  common  preflure,  would  fuftain  the  preffure  of  four  atmofpheres,  and: 
therefore  be  condenfed  into  one-fourth  the  fpace.  If  there  be  no  fallacy  in  this  plain 
remark/it  mull  follow,  that  the  lower  veflel  I  was  only  hair  emptied  when  the  ftream  ceafed 
to  be  afforded  at  O,  and,  confequently,  the  efFeft  was  only  half  what  is  here  dated. 

That  air  condenfed  to  one-fourth  (hould  take  up  and  diflblve  more  water  than  in  its 
ordinary  rare  date,  and  afterwards  depofit  it  when  it  recovered  its  original  dimenfions, 
b  confentaneous  with  other  well  known  fa£bs;  and  the  modern  theorids  will  eafily 
apply  the  doftrine  of  latent  heat,  or  the  increafed  capacity  of  expanded  air,  to  account  for 
the  phenomenon  of  its  robbing  the  water  not  only  of  the  Heat  which  maintained  its  date  of 
eladic  folution,  but  even  that  which  would  have  been  requifite  to  keep  up  the  date  of 
eommon  denfe  fluidity.  W.  N.. 


V. 


An  Account  of  the  Pearl  Fifltery  in  the  Gulph  of  Manor  *  in  March  and  April  1797.    By 

Henry  J.  Le  Beck,  Efq. 


(Concluded  from  Vol.  III.  page  547.) 
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HE  diving  done  is  a  piece  of  coarfe  granite,  a  foot  long,  fix  inches  thick,  and  of  a 
pyramidical  fhape,  rounded  at  the  tdp  and  bottom.  A  large  hair  rope  is  put  through  a 
hole  in  the  toj^    Some  of  the  divers  ufe  another  kind  of  done  fliaped  like  a  half  moon,  to 

bind. 


•t 


Account  of  the  Pearl  Fi/betj  in  iU  Gvlph  of  Manor. 


'  \ 


bind  round  their  belly,  fo  that  their  feet  may  be  free.  At  prefent  thefe  are  articles  of  trade 
at  Condatchey.  The  moft  common,  or  pyramidical  (tone,  generally  weighs  about  thirty 
pounds.  If  a  boat  has  chore  than  five  of  them,  the  crew  are  either  corporally  punifhed  or 
fined. 

The  diving,  both  at  Ceylon  and  at  Tuti4corin9  is  not  attended  with  fo  many  difficulties  as 
authors  imagine.  The  divers,  confiding  of  different  cafts  and  religions,  (though  chiefly  of 
Parrawer*  and  Muffilmam^)  neither  make  their  bodies  fmooth  with  oil,  nor  do  they  (top 
their  ears,  mouths,  or  nofes  with  any  thing,  to  prevent  the  entrance  of  fait  water.  They 
are  ignorant  of  the  utility  of  diving  bells,  bladders,  and  double  flexible  pipes*  According 
to  the  injunctions  of  the  (hark  conjurer  they  ufe  no  food  while  at  work,  nor  till  they  return 
on  (bore,  and  have  bathed  themfelves  in  frefii  water.  Thefe  Indians,  accuftomed  to  dive 
from  their  earlicft  infancy,  fearlefsly  defcend  to  the  bottom  in  a  depth  of*  from  five  to  ten 
fathoms  in  fearch  of  treafures.  By  two  cords  a  diving  (tone  and  a  net  are  connefteel  with 
the  boat.  The  diver  putting  the  toes  of  his  right  foot  on  the  hair  rope  of  the  diving  (tone, 
and  thofe  of  his  left  on  the  net,  feizes  ihe  two  cords  with  one  hand,  and  (hutting  bis  nof- 
trils  with  the  other,  plunges  into  the  water.  On  reaching  the  bottom,  he  hangs  the  net 
roimd  lis  neck,  and  colleds  into  it  the  pearl  (hells  as  faft  as  poflible,  during  the  time  he 
finds  himfelf  able  to  remain  under  water,  which  ufually  is  about  two  minutes.  He  then' 
refumes  hia  former  pofture,  and  making  a  fignal,  by  pulling  the  cords,  he  is  immediately 
lifted  into  the  boat.  On  emerging  from  the  fea,  he  discharges  a  quantity  of  water  from 
his  mouth  and  nofe,  and  thofe  who  have  not  been  long  enured  to  diving  frequently  dis- 
charge fi>me  blood  *,  but  this  does  not  prevent  them  from  diving  again  in  their  turn*  When 
the  firft  five  divers  come  up  and  are  refpiring,  the  other  five  are  goipg  down  with  the  fame 
(tones.  Each  brings  up  about  one  hundred  oyfters  in  his  net,  and  if  not  interrupted  by  any 
accident,  may  make  fifty  trips  in  a  forenoon.  They  and  the  boat's  crew  get  generally  from 
the  owner,  infteadof  money,  a  fourth  of  the  quantity  which  they  bring  on  (hore ;  but  fome 
are  paid  in  cafli,  according  to  agreement. 

The  moft  (kilful  divers  come  from  Collj/b3  on  the  coaft  of  Malabar;  fome  of  them  are  fo 
much  exercifed  in  the  art,  a6  to  be  able  to  perform  it  without  the  afliftance  of  the  ufual 
weight ;  and  for  a  handfome  reward  will  remain  under  water  for  the  fpace  of  feven  minntes  \ 
this  I  faw  performed  by  a  Caffry  boy,  belonging  to  a  citizen  at  Karical,  who  had  often  fre- 
quented the  fifheries  of  thefe  banks.  Though  Dr.  Halley  deems  this  impofiible,  daily  ex- 
perience comrincc8  us,  that  by  long  pradtce  any  man  may  bring  himfelf  to  remain  under 
water  above  a  couple  of  minutes.  How  much  the  inhabitants  of  the  Sofeth  Sea  iflands  dif- 
tinguifh  themfelves  in  diving  we  learn  from  feveral  accounts ;  and  who  will  not  be  furprifed 
at  the  wonderful  Sicilian  diver  Nicholas,  furnamed  the  Fifli  f  ? 

•  Fiihermen  of  the  Catholic  religion. 

f  According  to  Kircher,  he  fell  a  victim  amongft  the  Polypes  in  the  gulph  of  Cbarybdit,  on  his  plunging, 
for  the  fccond  time,  in  its  dangerous  whirlpool,  both  to  fetisfy  the  curiofitY  of  his  king,  Frederic,  and  his 
inclination  for  wealth    I  will  aot  pretend  tt  determine,  how  &r  this  account  has  been  e*ggeffatedr 
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Every  one  of  the  divers,  and  even  the  mod  expert,  entertain  a  great  dread  of  the  (harks, 
and  will  not,  on  any  account,  defcend  until  the  conjurer  has  performed  his  ceremonies. 
This  prejudice  is  fo  deeply  rooted  in  their  minds,  that  the  government  was  obliged  to  keep 
two  fuch  conjurers  always  in  their  pay,  to  remove  the  fears  of  their  divers.  Thirteen  of 
thefe  men  were  now  at  the  fifhery  from  Ceylon  and  the  coaft,  to  profit  by  the  fuperftitious 
folly  of  thefe  deluded  people.  They  are  called  in  TamuJ,  PiWU  KadtXr,  which  fignifies 
one  who  binds  the  (harks  and  prevents  them  from  doing  mifchief. 

The  manner  of  enchanting  confifts  in  a  number  of  prayers  learned  by  heart,  that  nobody; 
probably  not  even  the*  conjurer  himfelf,  under  ftands,  which  he,  (landing  on  the  (hore, 
continues  muttering  and  grumbling  from  fun  rife  until  the  boats  return ;  during  this  period, 
they  are  obliged  to  abftain  from  food  and  deep,  otherwife  their  prayers  would  have  no  avail  t 
they  are,  however,  allowed  to  drink,  which  privilege  they  indulge  in  a  high  degree,  and 
are  frequently  fo  giddy,  as  to  be  rendered  very  unfit  for  devotion.  Some  of  the  conjurers 
accompany  the,divers  in  their  boats,  which  pleafes  them  very  much,  as  they  have  their  pro* 
tedors  near  at  hand.  Neverthdefs,  I  was  told,  that  in  one  of  the  preceding  fiflieries,  a 
diver  loft  his  leg  by  a  (hark,  and  when  the  head  conjurer  was  called  to  an  account  for  the 
accident,  he  replied  that  an  old  witch  had  juft  come  from  the  coaft,  who*  from  envy  and 
malice,  had  caufed  this  difafter,  by  a  counter^conjuration,  which  made  fruitkfs  bis  (kill, 
and  of  which  he  was  informed  too  late ;  but  he  afterwards  (hewed  his  fuperiority  by  en- 
chanting the  poor  (harks  fo  effc&ually,  that  though  they  appeared  in  the  midft  of  the 
divers,  they  were  unable  to  open  their  mouths.  During  my  (lay  at  Condatchey%  no  accident 
of  this  kind  happened.  If  a  (hark  is  feen,  the  divers  immediately  make  a  fignal,  which,  on 
perceiving,  all  the  boats  return  inftantly.  A  diver  who  trod  upon  a  hammer  oyfter,  and 
was  fome what  wounded,  thought  he  was  bit  by  a  (hark,  confequently  made  the  ufual  fignal, 
which  caufed  many  boats  to  return  \  for  which  miftake  he  was  afterwards  puniftied. 

The  owners  of  the  boats  *  fometimes  fell  their  oyfters,  and  at  other  times  open  them  on 
their  own  account.  In  the  latter  cafe  fome  put  them  on  mats  in  a  fquare,  furrounded  with 
a  fence ;  others  4*g  holes  of  almoft  a  foot  deep,  and  throw  them  in  till  the  animal  dies ; 
after  which  they  open  the  (hells  and  take  out  the  pearls  with  more  eafe.  Even  thefe  (quares 
and  holes  are  fold  by  au&km  after  the  fifhery  is  finifhed,  as  pearls  often  remain  there,  mixed 
with  the  fand. 

In  fpite  of  every  care,  cricks  in  picking  out  tho  pearls  from  the  oyfters  can  hardly  be  pre*- 
vented.  In  this  the  natives  are  extremely  dexterous.  The  following  is  one  mode  they  put 
in  pra&ice  to  efie&  their  purpofe :  when  a  boat  owner  employs  a  number  of  hired  people 
to  colleft  pearls,  he  places  over  them  an  infpe&or  of  his  own,  in  whom  he  can  confide  * 
thefe  hirelings  previoufly  agree  that  one  of  them  (hall  play  the  part  of  a  thief,  and  bear  the 
puni(hment,  to  give  his  comrades  an  opportunity  of  pilfering.    If  one  of  the  gang  happens 

*  Thefe  are  the  individuals  which  farm  one  or  more  boats  from  the  renter ;  and  though  they  are  in  pof* 
feflion  of  them  only  during  the  fiihery,  they  are  commonly  called  the  owners  of  the  boats* 

to 
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to  meet  with  a  large  pearl,  he  makes  a  fign  to  his  accomplice,  who  inftantly  conveys  away 
one  of  fmall  value,  purpofely,  in  fuch  a  manner  as  to  attra£t  notice.  On  this  the  infriec- 
tor  and  the  reft  of  the  men  take  the  pearl  from  him :  he  is  then  punifhed  and  turned  out  of 
their  company.  In  the  mean  time,  while  he  is  making  a  dreadful  uproar,  the  real  thief  fe- 
cures  the  valuable  pearl,  and  afterwards  the  booty  is  (hared  with  him  who  fuiFered  for  them 
all.  Befides  tricks  like  thefe  the  boat  owners  and  purchafers  often  lofe  many  of  the  beft  pearls, 
while  the  dony  is  returning  from  the  bank ;  for,  as  long  as  the  animal  is  alive  and  un- 
touched, the  fhelld  are  frequently  open  near  an  inch *  and  if  any  of  them  contain  a  large 
pearl,  it  is  eafily  difcovered  and  taken  out  by  means  of  a  fmall  piece  of  (tiff  grafs  or  bit  of 
ftfck,  without  hurting  the  pearl  fi(h.  In  this  pra&ice  they  are  extremely  expert.  Some  of 
them  were  difcovered  whilft  I  was  there,  and  received  their  due  punilhment. 

Gmelin  afks  if  the  animal  of  the  mytilus  margarttiferus  is  an  afctdla  ?  See  Linn.  Syft* 
Nat.  torn.  I.  p.  vi.  3350.  This  induces  me  to  believe  that  it  has  never  yet  been  accurately 
defcribed;  it  does  not  refemble  the  afcidiaoi  Linnaeus,  and  may,  perhaps,  form  a  new 
genus.  It  is  fattened  to  the  upper  and  lower  (hells  by  two  white  flat  pieces  of  mufcular 
fubftatice,  which  are  called  by  HouUu'm  *  ears,  and  extend  about  two  inches  from  the  thick 
part  of  the  body,  growing  gradually  thinner.  The  extremity  of  each  ear  lies  loofe,  and  is 
furrounded  by  a  double  brown  fringed  line.  Theie  lie  almoft  the  third  of  an  inch  from  the 
outer  part  of  the  {hell,  and  are  continually  moved  by  the  animal.  Next  to  thefe,  above 
and  below,  are  fituated  two  other  double  fringed  moveable  fubftances,  like  the  branchiae  of 
a  fifli.  Thefe  ears  and  fringes  are  joined  to  a  cylindrical  piece  of  flefli;  of  the  fize  of  a 
man's  thumb,  which  is  harder  and  of  a  more  mufcular  nature  than  the  reft  of  the  body.  It 
lies  about  the  centre  of  the  (hells,  and  is  firmly  attached  to  the  middle  of  each.  This,  in 
fa&,  is  that  part  of  the  pearl  fi(h  which  ferves  to  open  and  (hut  the  (hells.  Where  this  co- 
lumn is  fattened,  we  find  on  the  flefli  deep  impreffions,  and  on  the  (hell  various,  nodes  of 
round  or  oblong  forms,  like  imperfe£t  pearls.  Between  this  part,  and  the  hinge  (cardoJ> 
lies  the  principal  body  of  the  animal,  feparated  from  the  reft,  and  (haped  like  a  bag.  The 
mouth  is  near  the  hinge  of  the  (hell,  enveloped  in  a  veil,  and  has  a  double  flap  or  lip  on 
each  fide ;  from  thence  we  obferve  the  throat,  (oefophagus)  defcending  like  a  thread  to  the 
ftomach-  Clofe  to  the  mouth  there. is  a  carved  brownifli  tongue,  half  an  inch  in  length, 
with  an  obtufe  point ;  on  the  concave  fide  of  this  defcends  a  furrow,  which  the  animal 
opens  and  (huts,  and  probably  ufes  to  convey  food  to  its  mouth  t.    Near  its  middle  are 

*  Vide  Houtt.  Nat.  Hift.  Vol.  I.  p.  xv.  p.  3S1,  feq. 

f  The  depth  at  which  the  pearl  fifh  generally  is  to  be  found,  hindered  me  from  paying  any  attention  to 
the  locomotive  power,  which  I  have  not  the  leaft  doubt  it  poflefles,  ufing  for  thispurpofe  its  tongue;  This 
conjecture  is  ftrengthened  by  the  accurate  obfervations  made  on  mufcles  by  the  celebrated  Reaumur,  in 
which  he  found  that  this  body  ferves  them  as  a  leg  or  arm,  to  move  from  one  place  to  another.  Though 
the  divers  are  very  ignorant  with  regard  to  the  ceconomy  of  the  pearl  fifh,  this  changing  of  habitation  has 
.ksen-long  fince  obfervtd  by  them.  They  altedge,  that  it  alters  its  abode  when  difturbed  by  an  enemy  or 
in  ftarch  of  food.  In  the  former  cafe  they  fay  it  commonly  defcends  from  the  fummit  of  the  bank  to  its 
declivity. 

two 
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two  bluKh  fpots,  which  feem  to  be  the  eyes.  In  a  pretty  deep  hole  near  the  bafe  of  die 
tongue,  lies  the  beard  (byjfus)i%  fattened  by  two  flefliy  roots,  and  confiding  of  almoft  one 
hundred  fibres,  each  an  inch  long,  of  a  dark  green  colour,  with  a  metallic  luftre ;  they  are 
undivided,  parallel,  and  flattened.  In  general  the  byffus  is  more  than  three  quarters  pf  an 
inch,  without  the  cleft  (ritna) ;  but  if  the  animal  is  difturbed,  it  contrafts  it  confiderably. 
The  top  of  each  of  thefe  threads  terminates  in  a  circular  gland  or  head,  like  xkejlygpia  of 
many  plants.  With  this  byffus  they  fatten  themfelves  to  rocks,  corals,  and  other  folid  bo- 
dies ;  by  it  the  young  pearl  fiih  cling  to  the  old  ones,  and  with  it  the  animal  procures  its 
food,  by  extending  and  contra&ing  it  at  pleafure.  Small  {hell  fifli,  on  which  they  partly 
live,  are  often  found  clinging  to  the  former.  The  ftomach  lies  clofe  to  the  root  of  the 
beard,  and  has,  on  its  lower  fide,  a  protraded  obtufe  point.  Above  the  ftomach  are  two 
fmall  red  bodies,  like  lungs;  and  from  the  ftomach  goes  a  long  channel  or  gut,  which 
takes  a  circuit  round  the  mufcular  column  above-mentioned,  and  ends  in  the  anus,  which 
lies  oppofite  to  the  mouth,  and  is  covered  with  a  fmall  thin  leaf,  like  a  flap.  Though  the 
natives  pretend  to  diftinguifh  the  fexes,  by  the  appearance  of  the  (hell,  I  could  not  find  any 
genitalia.  The  large  flat  ones  they  call  males,  and  thofe  that  are  thick,  concave,  and 
vaulted,  they  call  females,  or pedoo-chippy ;  but,  on  a  clofe  infpe&ion,  I  could  not  obferve 
any  vifible  fexual  difference. 

It  is  remarkable  that  fome  of  thefe  animals  are  as  red  as  blood,  and  that  the  infide  of  the 
(hell  has  the  fame  colour*,  with  the  ufual  pearly  luftre,  though  my  fervants  found  a  reddifh 
pearl  in  an  oyfter  of  this  colour  ;  yet  fuch  an  event  is  very  rare.  The  divers  attribute  this 
rednefs  to  the  ficknefs  of  the  pearl  fifh  ;  though  it  is  molt  probable  that  they  had  it  from 
their  firft  exiftence.  In  the  fhade  they  will  live  twenty-four  hours  after  being  taken  out  of 
the  water.  This  animal  is  eaten  by  the  lower  clafs  of  Indians  y  either  frefli  in  their  curries, 
or  cured  by  drying;  in  which  (late  they  are  exported  to  the  coaft;  though  I  do  not  think 
them  by  any  means  palatable. 

"Within  a  mother  of  pearl  fliell  I  found  thirteen  murices  nudati  (vide  Chemnitz's  New 
Syftem,  Cabt.  vol.  XI.  tab.  192,  f.  1851  and  1852),  the  largeft  of  which  was  three  quar- 
ters of  an  inch  long ;  but  as  many  of  them  were  putrid,  and  the  pearl  fifh  itfelf  dead,  I 
could  not  ascertain  whether  they  had  crept  in  as  enemies,  or  were  drawn  in  by  the  animal 
itfelf.  At  any  rate  turtles  and  crabs  are  inimical  to  the  animals,  and  a  fmall  living  crab 
was  found  in  one  of  them. 

The  pearls  are  only  in  the  fofter  part  of  the  animal,  and  never  in  that  firm  mufcular  co- 
lumn above-mentioned.  We  find  them  in  general  near  the  earth,  and  on  both  fides  of  the 
mouth.  The  natives  entertain  the  fame  foolifli  opinion  concerning  the  formation  of  the 
pearl  which  the  ancients  did.  They  fuppofe  them  formed  from  dew-drops  in  connexion 
with  fun-beams.  A  Brdkmen  informed  me  that  it  was  recorded  in  one  of  his  Sanfcrit 
books,  that  the  pearls  are  formed  in  the  month  of  May  at  the  appearance  of  the  Sooaiee  ftar 
(one  of  their  twenty-feven  conftellations)  when  the  oyfters  come  up  to  the  furface  of  the 
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water,  to  catch  the  drops  of  rain.  One  of  the  mod  celebrated  conchologifts  *,  fuppofes 
that  the  pearl  is  formed  by  the  oyfter  in  order  to  defend  itfelf  from  the  attacks  of  the/>£e- 
lades  and  boreworms.  But  we  may  be  allured  that  in  this  fuppofition  he  is  mi  (taken,  for 
although  thefe  animals  often  penetrate  the  outer  layers  of  the  pearl  (hell,  and  there  occafion 
hollow  nodes,  yet,  on  examination,  it  will  be  found,  that  they  are  never  able  to  pierce  the 
firm  layer,  with"which  the  infide  of  the  (hell  is  lined.  How  can  the  pearls  be  formed  as  a 
defence  again  ft  exterior  worms,  when,  even  oil  (hells  that  contain  them,  no  worm-holes 
are  to  be  feen  ?  It  is,  therefore,  more  probable  thefe  worms  take  up  their  habitations  in 
the  nodes,  in  order  to  protect  themfeives  from  the  attacks  of  an  enemy,  than  that  they  are 
capable  of  preying  on  an  animal,  fo  well  defended  as  the  pearl- fifli  is.  It  is  unneceffary  to 
repeat  the  various  opinions  and  hypothefes  of  other  modern  authors  ;  it  is  much  eafier  to 
critieife  them,  than  to  fubftitute  in  their  place  a  more  rational  theory.  That  of  Reaumur, 
mentioned  in  the  memoirs  of  the  French  Academy  for  1712,  is  the  mod  probable,  viz. 
that  the  pearls  are  formed  like  bezoars  and  other  (tones  in  different  animals,  and  are  appa- 
rently the  effeds  of  a  difeafe.  In  fhort  it  is  very  evident,  that  the  pearl  is  formed  by  an 
extravafation  of  a  glutinous  juice  either  within  the  body,  or  on  the  furface  of  the  animal: 
the  former  cafe  is  the  moft  common.  Between  one  and  two  hundred  pearls  have  been 
found  within  one  oyfter.  Such  extravafationt  may  be  caufed  by  heterogeneous  bodies, 
fuch  as  fandy  coming  in  with  the  food,  which  the  animal,  to  prevent  difagreeable  fri&ion, 
covers  with  its  glutinous  matter,  and  which,  as  it  is  fucceffively  fecreted,  forms  many  re- 
gular lamellae,  in  the  manner  of  the  coats  of  an  onion,  or  like  different  (trata  of  bezoars, 
only  much  thinner ;  this  is  probable,  for  if  we  cut  through  the  centre  of  a  pearl,  we  often 
find  a  foreign  particle,  which  ought  to  be  confidered  as  the  nucleus,  or  primary  caufe  of 
its  formation.  The  loofe  pearls,  may  originally  have  been  produced  within  the  body,  and 
on  their  encreafe  may  have  feparated  and  fallen  into  the  cavity  of  the  (hell.  Thofe  com- 
pact ones,  fixed  to  the  (hells,  feem  to  be  produced  by  fimilar  extravafation,  occafioned  by 
the  fri&ion  of  fome  roughnefs  on  the  inCde  of  the  (hell.  Thefe  and  the  pearl-like  nodes 
have  a  different  afpeft  from  the  pearls,  and  are  of  a  darker  and  bluer  colour.  In  one  of  the 
former  I  found  a  pretty  large,  true  oval  pearl,  of  a  very  clear  water;  while  the  node  itfelf 
was  of  a  dark  blueifh  colour.  The  yellow  or  gold  coloured  pearl,  is  the  moft  efteemed  by 
the  natives ;  fome  have  a  bright,  red,  luftre ;  others  are  grey  or  blackifti,  without  any 
fhining  appearance,  and  of  no  value.  Sometimes  when  the  grey  lamella  of  a  pearl  is  taken 
off,  under  it  is  found  a  beautiful  genuine  one,  but  it  oftener  happens  that  after' having  fe- 
parated the  firft  coat  you  find  a  worthlefs  impure  pearl.  I  tried  feveral  of  them,  taking  one 
lamella  off  after  another,  and  found  clear  and  impure  by  turns,  and  in  an  impure  pearl  I 
met  with  one  of  a  clear  water,  though  in  the  centre  of  all  I  found  a  foreign  particle.  The 
krgeft  and  moft  perfect  pearl  which  I  faw  during  my  ftay  at  Condatchey,  was  about  the  fize 
of  a  fmall  piftol  bullet,  though  I  have  been  told  fince  my  departure,  many  others  of  the 
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fame  fize  have  been  found.  The  fpotted  and  irregular  ones  are  fold  cheap,  and  are  chiefly 
ufed  by  the  native  phyficians  as  an  ingredient  in  their  medicines. 

We  may  judge  with  greater  or  lefler  probability  by  the  appearance  of  the  pearl-fhcJI, 
whether  they  contain  pearls  or  not.  Thofe  that  have  a  thick  calcareous  cruft  upon  them, 
to  which  ferpula  (fea  tubes)  Tubuli  marini  irregulariter  intortif  Cri/la-gali  Chamar  lazuras7 
Lepas  tintinabulttm,  Atadreporee^  Millipore,  Celliporey  G or  gent  a  ^  Spo?tgU%  and  other  zoo- 
phytes are  fattened,  have  arrived  at  their  full  growth)  and  commonly  contain  the  bed 
pearls;  but  thofe  that  appear  fmooth,  contain  cither  none,  or  fmali  ones  only. 

Were  a  natural  ift  to  make  an  excurfion  for  a  few  months  to  Alan&r^  the  fmall  ill  and 
near  Jafna  and  the  adjacent  coaft,  be  would  difcover  many  natural  curiofities,  ft  ill  buried 
in  obfeurity,  or  that  have  never  been  accurately  defcribed. 

Indeed  no  place  in  the  Eajl  Indus  abounds  more  with  rare  (hells,  than  thefe  :  for  die  re 
they  remain  undifturbed,  by  being  fheltered  from  turbulent  feas,  and  the  fury  of  the  furf. 
I  will  juft  name  a  few  of  them  ;  viz.  Ttllina  filiaca  Lynn  *,  Telly  Spenglerii,  Area  culcu- 
lata  t,  Area  No*,  folen  anatinus  Linn.  Oftrea  IJognotnum,  Terebullum^  albidum%  Jlr'tatum% 
Turbo  fcalaris  \  Bula  volva  Linn  J,  Vexillum  ingritarum^  &e.  Amongft  the  beautiful  cone 
(hells  :  conus  thalqfflarchus  Anglic  anus  at  11  at  us  ||,  ainadis  thajftarchus,  con.  generalcis  Linn,  c . 
capitaneus  **,  c.  miles  f|,  c.Jlercus  mufcarum  JJ.  c.  reteaureum^  c.  glaucus  $§,  c,  cereola}  regia 
corona  murus  lapedius^  canda  erminea  focietas  cordium.  There  are  many  other  befides  thofe 
already  mentioned,  equally  valuable  and  curious. 

The  great  fuccefs  of  the  Rev.  Do&or  John  in  conchology  when  at  Tutucorin,  and  aflifted 
by  Q,  Angelbeck,  with  a  boat  and  divers  :  and  the  capital  collections  made  by  his  agents, 
whom  he  afterwards  fent  there  with  the  neceflary  inftru&ions  and  apparatus,  may  be  feen 
*  in  Chemnitz's  elegant  cabinet  of  fhells  in  4to.  (with  illuminated  plates),  and  how  many  new 
fpecics  of  Zoophytes  be  discovered,  we  learn  from  another  German  work  by  Efper  at  isr- 
langen,  the  third  volume  of  which  is  nearly  finifhed. 

•  The  golden  tong.  +  Mounkfcape.  \  Royal  ftaircafe. 

\  Weaver's  Jhuttle.  |j  Red  Englijb  admiral.  *•  Grctrn  ftampcr. 

■ft  Garter  (tamper.  \\  Great  fand  ftamper.  §§  Capf.  Gottw. 
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Procefs  for  extracting  Sugar  from  the  Beet,  communicated  in  a  Later  from  Mr.  Ac  hard  to 

'       Citizen  Van  Mons*. 

It  is  the  beta  vulgaris  L.  which  is  proper  for  making  of  fugar,  though  all  the  varieties 
are  not  equally  fo.  That  of  which  the  internal  part  is  white:  the  fkin  of  a  pale  red,  and 
the  root  of  a  long  fpindle  fhape,  is  the  bed.  All  the  varieties  of  the  beet  yield  fugar,  but 
this  mult  be  chofen  when  it  is  to  be  manufactured  to  advantage ;  befides  which,  it  is  on 
the  culture  principally  the  quantity  of  fugar  produced  by  the  root  depends. 

It  is  ascertained  from  the  operations  of  extracting  fugar  from  the  beet  root,  which  I  have 
performed  under  die  infpection  of  a  committee,  nominated  by  the  King  of  PtufBa,  that  die 
bed  method  is  as  follows.  The  root  not  peeled,  but  in  the  ftate  in  which  it  is  dug  out  of 
the  ground,  with  no  other  preparation  than  that  of  carefully  feparating  the  leaves  and  the 
heart,  is  to  be  boiled  in  water  till  it  is  foft  enough  to  be  pierced  with  a  draw.  A  fhort 
time  of  ebullition  is  fufficient  to  give  it  this  degree  of  foftnefs,  which  is  well  known  to  the 
confectioners,  who  give  it  to  fome  fruits  before  they  prcferve  them.  The  beet  when  cold  is 
divided  and  reduced  into  dices  by  means  of  the  machine  ufed  by  farmers  to  flice  potatoes  for 
catde.  A  defcription  of  this  machine  is  to  be  found  in  a  publication  of  Bufch,  entitled : 
Ueberficht  der fortfehrttte  in  nvijfenfchaften^  kunften,  manufacluren  und  handwerlen  von  Ofiern 
1796,  &r  OJlern  1797.  Erfurt  1798  :  and  the  engraving  which  renders  the  fubject  clearer 
is  copied  in  the  firft  plate  of  my  work.  This  method  of  dividing  the  root  is  the  bed  I  have 
yet  found.  Two  men  with  this  machine  can  cut  nearly  100  pounds  into  very  fine  flices  hx 
three  minutes.  To  extract  the  juice  from  the  roots  when  diced,  they  are  fubjected  to  the 
action  of  a  prefs  which  (hould  act  wkh  force  fufficient  to  extract  at  firft  as  much  juice  as 
poflible.  The  pulp  which  remains  in  the  prefs  dill  contains  a  confiderable  portion  of  fugar,. 
which  is  worth  extracting.  To  effect  this  it  is  diluted  in  a  fuificient  quantity  of  water  for 
twelve  hours,  after  which  the  fluid  part  is  drawn  out  by  preiTure.  The  faccharine  matter, 
after  this  fecond  extraction,  is  dill  fufEciently  abundant  to  afford  by  fermentation,  brandy  or 
vinegar,  with  profit. 

The  liquids  thus  obtained  are  afterwards  mixed  and  drained  through  a  flannel,  and  reduced 
by  condant  boiling  to  about  two  thirds.  It  is  then  paffeel  afecond  time  through  a  woollen 
cloth,  or  a  piece  of  cloth,  fuch  as  is  ufed  in  fugar  refineries;  after  which  the  liquor  is  boiled' 
fn  a  (mailer  veffel  than  the  firft  till  it  is  reduced  to  one  half.  The  liquor  is  again  boiled  in 
a  dill  fmaller  veffel  which  gives  it  the  confidency  of  a  liquid  fyrup.  It  is  neceffary  to  re- 
mark, that  by  endeavouring  to  give  to  the  fyrup  a  too  drong  confidency  there  will  be  danger 
of  fpoiling  the  whole, 

•  Decade.   An.  VIII.  p.  15.  No*  15.  p.  324* 
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This  fyrup  poured  into  (hallow  earthen  veflfels,  which  prefent  a  large  furface  to  the 
air,  is  to  be  placed  in  a  (love  at  the  heat  of  20  or  30  degrees,  or  if  agreeable  at  30  or  40 
of  Reaumur,  in  order  to  cryftalize  it.  \  During  this  infenfible  condenfation  of  the  fyrup  the 
cryftalline  incruftatioft,  which  is  formed  at  the  furface,  ihould  be  occafionally  broken,  in 
order  that  by  favouring  the  evaporation  the  produft  of  cryftals  may  be  haftened.     As  foon 
as  it  is  obferved  that,  inftead  of  the  cryftalline  incruftation,  a  thick  gummy  pellicle,  not 
granulated*  is  formed  on  the  furface  of  the  fyrup,  it  is  a  fign  that  the  matter  does  no  longer 
cryftalize,  but  begins  to  dry,  and  the  evaporation  (hould  then  be  flopped.  This  refidue  forms 
a  mixture  more  or  lefs  thick,  of  a  cryftalline  fubftance  and  a  fluid  vifcid  matter.  In  order 
to  fcparate  the  cryftalized  fugar  from  the  gummy  extratt,  they  are  put  together  into  a 
fack  of  wet  cloth  tied  tight,  and  then  by  means  of  a  prefs,  gradually  applied,  the  fluid  part 
is  to  be  paflcd  through  the  cloth,  and  the  fugar  remains  in  the  bag.    This  fugar  after  drying 
is  a  yellow  mufcovado,  compofed  of  regular  cryftals,  which  when  pulverized  form  a  white 
powder  of  which  the  tafte  is  very  good,  being  f  weet  and  clear,  and  may  be  applied  to  a 
number  of  ufes  for  which  refined  fugar  is  employed!     By  the  operation  of  refining,  fugar 
may  be  made  from  this  mufcovado  of  whatever  quality  is  agreeable,  and  by  repeating  ir 
the  fined  fugar  may  be  had.     The  wafte  in  this  manufacture,  that  is  to  fay  the  refidual* 
pulp,  the  fyrup  or  mucilage  which  pafles  through  the  cloth  when  fubje&ed  to  the  prefs,  the 
fyrup  in  which  the  fugar  has  cryftalized,  the  wafhings,  &c.  &c.  all  thefe  are  (till  very  ufe- 
ful,  and  a  conftdcrable  quantity  of  rum  or  brandy  may  be  obtained  from  them,  which  may 
be  ufed  in  making  up  the  fineft  compounds.     The  mufcovado,  fuch  as  is  obtained  by  the 
firft  opperation,  cofts  about  a  grofs  and  a  half  of  Pruffia,  without  reckoning  the  watter 
which  may  be  had  by  turning  the  refidues  to  ufe.     When  we   add  this  prod u£t,  and 
■when  the  manipulations  (hall  be  more  perfect,  to  effefi:  which  I  ,fliall  employ  rayfelf  this 
winter,  I  am  perfuaded  that  our  European  mufcovado  will  only  coft  half  the  price,  or 
9  fennins  ;  and  in  the  countries,  where  fuel'is  dearer,  at  1  grofs  *.    The  manufa&ure  of 
fpirits  from  the  wafte  of  the  fugar  is  of  great  importance,  as  by  this  means  a  great  faving  of 
corn  will  be  made,  and  the  manufacturing  of  beet  fugar,  which  delivers  Europe  from  a 
deftru£Uve  monopoly  becomes  ftill  more  interefttng.    I  am  at  prefent  employed  in  the  at- 
tempt to  difcover  a  method  of  pouring  the  juice  of  the  roots  when  fufficiently  condenfed 
into  moulds  or  forms,  in  order  that  it  may  acquire  the  figure  of  a  fugar  loaf}  and  afterwards 
by  claying  become  very  white  at  a  (ingle  operation.    I  have  already  found  feveral  methods 
of  obtaining  this  objeft  very  fpeedily.    This  new  manipulation  will  facilitate  the  art  of 
£igar-making,.and  diminifh  the  price  ftill  further. 

« 

*  The  pound  in  ufe  at  Berlin,  being  4.76,  18  grammes,  and  the  value  of  the  grofs,  or  of  12  fennins,  being 
17  centimes,  French  money,  it  follows  that  the  he&ogramme  does  not  amount  to  more  than  about  5  or  6  cen- 
times, (or  the  pound,  poids  de  marc,  from  28  to  50  centimes}.  Note  of  the  French  editor. --(about  if  d. 
per  lb.  avoirdup.); 
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.Ltfter  to  /fo  Editor  from  Mr.  William  Henry,  on  his  Difcovery  of  a  new  and  im- 
proved Method  of  preparing  the  Pfujfiatt  of  Pot-afh ;  and  on  the  difputed  Queftion, 
Whether  Prujfiatt  of  Pot-ajh  be  decompofed  by  Muriate  of  Barytes  ? 

Manchejler%  March  23,  180O. 
SIR, 

J.N  confequence  of  a  paper,  inferted  in  your  Philosophical  Journal,  I  have  been  favoured 
with  the  following  letter  from  Mr.  Kirwan.  As  the  references,  which  it  contains,  to  au- 
thorities on  a  difputed  point,  may  be  interefting  to  others  as  well  as  to  myfelf,  I  take  the 
liberty  of  fending  you  a  copy  of  it  for  publication ;  premifing,  that  I  have  ftated  to  Mi\  K. 
my  intention  of  making  you  this  communication,  and  that  he  has  not  expreffed  any  ob- 
jection. 

u  To  Mr.  William  Henry* 
«  Dear  Sir, 
"  On  looking  over  Mr.  Nicholfon's  valuable  Philofophical  Journal,  which,  though  of 
"  ancient  date,  I  had  not  until  lately  leifure  to  infpeft,  I  find,  in  the  29th  No.  Vol.  ii. 
*  p.  170,  that  you  feem  to  regret  I  had  not  mentioned  on  what  grounds  I  denied  the  pre- 
cipitation of  bary tic  earth  from  muriatic  acid  by  the  Pruflian  alcali,  and  then  fuggeft  that  the 
relation  of  the  Pruflian  alcali  to  this  earth  had  not  been  an  objeft  of  attention  to  Klaproth 
"  or  Pelletier,  &c.  I  hope,  therefore,  it  will  be  agreeable  to  you  that  I  fliould  (late  thofe 
"  grounds.  That  Pruflian  alcali,  properly  prepared,  does  not  precipitate  barytic  folutiona, 
"  was  firft  proved  by  that  accurate  chemift,  Mr.  Meyer,  of  Stetin,  as  you  may  fee  in  2 
"  Crell's  Chemical  Annals  for  1786,  p.  142,  143.  As  I  fuppofe  you  have  that  work,  I 
€(  {hall  not  trouble  you  with  the  detail  of  his  experiments.  You  may,  alfo,  fee  that  both 
"  Pelletier  and  Klaproth  did  treat  of  this  fa£t,  Pelletier  affirming  the  precipitation  of  this 
<(  earth  by  the  Pruflian  alcali  (21  Journal  des  Mines,  p.  45);  and  Klaproth  exprefsly  deny- 
tt  ing  it,  and  afierting  that  Pelletier  was  miftaken.     (See  2  Klaproth,  p.  91.) 

"  I  am,  dear  Sir, 

c<  With  high  regard  and  refpeft,  &c. 

«  R.  KIRWAN/* 
«  Dublin,  Jan.  20. 

Unfortunately  it  is  not  in  my  power  to  confult  any  one  of  the  works,  to  which  Mr.  K. 
has  kindly  referred  me;  and  highly  as  I  refpc&  the  authorities,  to  which  he  bas  appealed, 
yet  I  did  not  feel  difpofed  to  acknowledge  myfelf  in  an  error,  till  convinced  by  a  circum- 
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ftantial  detail  of  the  experiment  of  Meflrs.  Meyer  and  Klaproth.    I  refolved,  therefore,  to 
appeal  to  the  decifion  of  experiments  condu&ed  with  all  poffible  accuracy  and  attention. 

The  queftion  in  difpute  is,  whether  or  not  a  double  ele&ive  affinity  be  exerted  between 
pruffiate  of  pot-afh  and  muriate  of  barytes  ?  If  fuch  an  affinity  really  fubfifts,  and  produces, 
on  the  admixture  of  the  two  folutions,  two  new  compounds,  one  of  thefe  (the  pruffiate  of 
barytes)  mud  necefiarily,  from  its  known  infolubility,  appear  under  the  form  of  a  pre- 
cipitate. Now,  on  mixing  the  two  folutions,  a  precipitation  generally  takes  place ;  but 
this,  it  is  affirmed  by  certain  chemilts,  is  owing  to  the  impurity  of  the  pruffiate  of  pot-afh, 
and  is  occafioned  by  the  decompoGtion  of  fulphate  of  pot-afh  by  muriate  of  barytes.  The 
truth  of  this  explanation  may  be  ascertained,  either  by  an  attentive  examination  of  the  pre- 
cipitate, or  by  employing  a  pruffiate  of  pot-afh  perfectly  free  from  fuch  impurity. 

The  former  of  thefe  tefts,  as  I  have  ftated  in  your  Journal,  IL.  171,  I  employed  feveral 
months  ago.  Having  found  that  pruffiated  barytes  is  foluble  in  diluted  muriatic  acid, 
which  exerts  no  adiion  on  the  fulphate  of  that  earth,  I  digefted  a  precipitate,  thrown  down 
from  muriated  barytes  by  pruffiated  pot-afh,  with  diluted  muriatic  acid.  Part  of  the  pre- 
cipitate was  taken  up  ;  and  the  folution  betrayed,  to  the  proper  tefts,  decifive  characters  of 
its  containing  pruffiated  barytes*  Since  the  receipt  of  Mr.  Kirwan's  letter,  I  have  repeated 
this  experiment  feveral  times ;  occafionally  with  the  fefult,  which  has  juft  now  been  ftated  ; 
while,  at  other  times,  none  of  the  precipitate  was  difTolved  by  the  acid.  Thefe  con- 
tradictory refults  will  be  explained  by  what  follows  ;  but  not  being  able  to  devife  the  caufe 
of  them,  at  the  time  they  occurred,  I  had  recourfe  to  the  remaining  expedient,  viz.  the 
employment  of  a  pruffiate  of  pot-afh,  perfectly  free  from  fulphuric  falts. 

The  difficulty  of  obtaining  a  pruffiate  of  the  required  purity  in  the  common  mode,  is 
hardly  conceivable,  except  by  thofe  who  have  made  the  attempt.  In  your  Journal,  II.  171. 
I  have  aflerted  that  both  carbonate  and  fulphate  of  pot-afh  are  decompofed  by  pruffiated 
barytes ;  and  it  has  fince  occurred  to  me,  that  an  excellent  mode  of  preparing  pruffiate  of 
pot-afh  might  be  founded  on  thefe  fa£ts.  For  the  fmall  portion  of  fulphate  of  pot-afh, 
contained  in  all  carbonates,  may  be  cxpe&ed  to  be  decompofed  by  the  pruffiated  .barytes, 
provided  this  laft  be  employed  in  fufficient  quantity.  On  making  the  experiment,  the  re- 
fult  anfwered  my  expectation  ;  and  I  fhall,  therefore,  give  the  procefs,  which  I  have  fince 
frequently  repeated  with  the  fame  fuccefs,  under  the  form  of  a  practical  rule. 

1.  Calcine  any  quantity  of  carbonate  of  barytes  in  a  ftrong  fire,  a  fufficient  length  of 
time  to  expel  its  carbonic  acid.  Diflblve  the  pure  barytes  in  boiling  water,  and  add  by 
degrees  pure  Pruffian  blue  in  powder,  till  it  ceafes  to  be  difcoloured.  Filtre  the  folution 
through  paper,  and  if  it  fhould  become  muddy  during  cooling,  owing  to  the  depofit  of  oxyde 
of  iron,  filtre  it  again.  After  having  flood  a  few  hours,  fmall  yellowifh  cryftals  will  ap- 
pear, which  are  the  pruffiated  barytes.  From  the  remaining  folution  a  further  quantity 
of  cryftals  may  be  obtained  by  evaporation. 

2.  To  a  folution  of  carbonate  of  pot-afh,  gently  heated,  add  by  degrees  the  pruffiate  of 
barytes  in  powder,  till  the  folution  no  longer  reftores  the  colour  of  reddened  litmus  paper. 

Rather 
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Rather  more  of  the  pruffiate  of  barytes  fhould  be  employed  than  is  required  to  decompofe 
the  carbonate.  After  digefting  the  mixture  about  half  an  hour,  filtre  the  liquor,  which, 
when  gently  evaporated,  will  (hoot  into  beautiful  cryftals  of  pruffiate  of  pot-afh.  Thefe 
cryftals  contained,  in  one  inftance,  24  per  cent,  of  oxyde  of  iron  \  but  of  this  oxyde  a  con* 
fiderable  part  may  be  feparated,  by  digefting  the  folution,  before  evaporating  it,  with  a 
little  acetic  acid  (radical  vinegar.)  The  acetic  has  this  advantage  over  all  other  acids,  that 
its  combination  with  pot-afh  affords  a  (alt  incapable  of  cryftallizing ;  and  which  cannot, 
therefore,  mix  with  the  cryflfals  of  prufliated  pot-afti.  ' 

The  carbonate  of  barytes,  which  is  thus  re- generated,  may  be  referved ;  and  may  be 
again  fitted  by  calcination  for  the  fame  procefs. 

With  the  view  of  deciding  the  queftion  in  difpute,  I  added  to  a  folution  of  pruffiate  of 
pot-afh  prepared,  in  the  above  manner,  a  folution  of  muriated  barytes,  No  precipitation 
eqfued;  nor  was  the  tranfparency  of  the  mixture  in  the  lead  degree  difturbed.  This 
experiment,  therefore,  in  addition  to  thofe  before  related,  convinced  me  that  I  had  been 
deceived ;  and  that  MefTrs.  Meyer  and  Klaproth  were  correct  in  denying  the  precipitation. 
Happening,  however,  to  examine  the  jar,  about  half  an  hour  afterwards,  I  obferved  that 
a  number  of  fmall  cryftals  had  formed  on  its  inner  furface ;  and  thefe,  On  allowing  the 
mixture  to  ftand  a  few  hours,  increafed  confiderably  in  number.  I  next  mixed  the  two 
folutions  in  larger  quantity,  with  the  fame  refult.  No  immediate  effe&  was  apparent ;  but 
after  a  few  hours,  an  abundant  crop  of  fmall  cryftals  had  formed  at  the  bottom  and  on 
the  fides  of  the  jar.     Thefe  cryftals  had  the  following  chara&er : 

i.  They  difiblved  very  fparingly  in  cold  water,  viz.  in  about  the  proportion  of  a  quarter 
of  a  grain  to  each  ounce. 

2.  Hot  water  difiblved  them  more  readily,  but  ftill  only  in  very  fmall  proportions. 

3.  From  thefe  watery  folutions  fulphate  of  pot-afh,  or  fulphuric  acid,  precipitated 
fulphate  of  barytes ;  and  on  adding  the  fulphate  of  iron  to  another  portion  of  the  folution, 
an  abundant  precipitation  of  Pruffian  blue  occurred. 

4.  The  cryftals  were  totally  difiblved  by  dilute  muriatie  acid ;  and  the  folution  gave 
decided  marks,  to  the  proper  tefts,  of  containing  prufliated  barytes* 

5.  When  heated  ro  rednefs  in  a  filver  veffel,  they  grew  black  and  loft  their  form.  On 
adding  dilute  muriatic  acid  to  this  coal,  an'efiervefcence  enfued,  and  the  folution  was 
muriated  barytes. 

The  foregoing  chara&ers  are  peculiar  to  the  fait  termed  pruffiate  of  barytes,  the 
formation  of  which,  under  the  above  circumftances,  proves,  beyond  all  doubt,  that  a 
double  ele&ive  affinity  is  exerted  between  muriate  of  barytes  and  pruffiate  of  pot-afh.  In 
this  refpe&,  barytes  differs  from  other  earths,  and  approaches  the  metals. 

The  above  experiments  furnifhed  a  clue,  which  led  to  the  explanation  of  the  con* 
tradi&ory  properties*  obferved,  at  different  times,  in  the  precipitate  from  muriated  barytes 
by  pruffiate  of  pot-afh.  Id  trials,  which  I  have  fince  made,  it  has  uniformly  happened, 
that  common  pruffiate  of  pot-afh   has  pretipitated  muriate  of  barytes*    When   the 
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fupern  a tant  liquor  was  decanted  immediately,  die  precipitate,  after  having  been  waflied, 
proved  to  be  (imply  fulphate  of  barytes ;  but  when  the  two  folutions  were  allowed  to  (land 
together  fome  time,  before  feparating  them  from  the  precipitate,  this  lad  had  conflantly  the 
properties  of  a  mixture  of  fulphate  of  bafytes,  with  pruffiate  of  barytes ;  and  fometimes  cryf* 
tals  of  the  latter  fait  were  perceivable  in  the  mixture. 

« 

Before  taking  my  leave  of  the  fubje&,  allow,  me  to  corre£k  an  erroneous  ftatement,  which 
I  have  made  in  your  Journal,  II.  171.  I  have  there  dated  that  cauflic  barytes  does  not  pre- 
cipitate pruffiate  of  pot-afii.  This  experiment  I  have  fince  repeated  with  pure  pruffiate  de~ 
fcribed  above.  No  immediate  precipitation  enfued  (the  circumflance  that  before  mifled 
me) ;  but  after  a  few  hours  fmall  cryftals  were  depofited,  which  had  every  charader  of 
pruffiate  of  barytes.  It  follows,  therefore,  that  in  a  table  of  the  ele&ive  affinities  of  Pruffian 
acid,  barytes  mould  be  placed  above  pot-afh. 

I  am,  Sir,  very  refpe&fully,     - 

your  obedient  fervant, 

WILLIAM  HENRY. 


T, 
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(Continued  from  page  122.    Vol.  II. J 

Examination  ^Alkaline  Substances. 
Prepared  Kali.   Pharm.  Lond.     Salt  of  Tartar. 


HE  fait  of  tartar  of  the  (hops,  if  prepared  according  to  the  London  Pharmacopeia,  can- 
not be  obtained  pure  from  pearl-afhes  by  mere  folutions,  colature,  evaporation,  and  cryf* 
tallization  5  hence  this  article  generally  contains  a  confiderable  portion  of  fulphate  and  muriate 
ofpotajhy  and  is  never  perfe&ly  free  iromftliceous  and  calcareous  earth.  In  order  to  difcovef 
its  purity,  one  part  ought  to  be  diffolved  in  eight  parts  of  diftillcd  water,  and  then  neutra- 
lized with  pure  (nitric  acid :  if  the  mixture  remain  perfe&ly  tranfparent  when  cold,  the 
alkali  is  free  from  filiceous  earth  ?  whereas  on  the  contrary,  if  filiceous  earth  be  prefent 
the  mixture  will  become  turbid,  the  filiceous  earth  will  be  feparated,  and  its  quantity  may 
thus  be  afcertained. 

Sulphate  of  pot-aft,  the  next  article  generally  found  in  this  fait,  is  beft  difcovered  by 
adding  gradually  to  a  fimilar  neutralised  folution,  a  folution  of  muriate  of  barytes,  or  acetite 
of  lead.  I£  fulphuric  acid  be  prefent,  a  white  precipitate  will  be  produced,  but  no  fuch  effeft 
will  take  place  if  no  fulphuric  combination  be  prefent.  One  hundred  parts  of  the  precipi- 
tate, occafioned  by  the  admixture  of  the  muriate  of  barytes,  indicate  26  per  cent,  of  ful- 
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phuric  acid,  and  ioo  parts  of  the  acetite  of  lead  indicate  30  per  cent,  of  acid.  The  pretence 
of  muriatic  acid  may  be  afcertained  by  adding  to  a  like  faturated  folution  of  this  fait,  a  few 
grains  of  nitrate  of  filver.  If  the  alkali  did  not  contain  any  combination  of  muriatic  acid, 
it  will  have  no  efieft  upon  it ;  but  if  the  minuteft  quantity  of  muriatic  acid  is  prefent,  a 
white  precipitate  will  be  produced,  which  after  fome  time  acquires  a  bluifh  hue  ;  neither 
nitric  nor  acetic  acid  will  redifiblve  it.  Calcareous  earth  is  manifefted  in  a  fimilar  manner* 
by  adding  drop  by  drop,  a  folution  of  oxalic  acid.  The  quantity  of  the  precipitate  thus 
obtained,  if  calcareous  earth  be  prefent,  gives  the  proportion  of  this  earth  in  a  given  quantity 
of  the  fait  fubmitted  to  the  experiment.  • 

Pure  fait  of  tartar  y  which  (lands  all  thefe  tefts,  is  of  a  fnow  whitenefs,  inodorous,  perfectly 
dry,  and  foluble  without  any  fediment  in  an  equal  quantity  of  pure  cold  water,  it  then  con- 
tains generally  70  parts  of  alkali,  23  carbonic  acid,  and  7  of  water. 

*  * 

Water  of  Kali.   Pham.  Lond.     Solution  of  Salt  of  Tartar. 

When  fait  of  tartar  is  expofed  in  a  (hallow  veffel  to  the  a&ion  of  a  moid  atmofphere,  it 
foon  deliquiefces,  or  attra&s  fo  much  water,  as  is  fuflkient  to  render  it  liquid.  This  fluid 
ought  to  contain  at  lead  one  part  of  alkali  in  four.  If  fo,  it  feck  extremely  gitafy  or  flip* 
pdry  between  the  fingers,  on  account  of  it  diflblving  the  epidermis,  and  converting  it  into 
a  kind  of  foap.  If  the  alkali  made  ufe  of  has  been  pure,  this  fluid  is  perfectly  colourlefs ,idear, 
void  of  fmell,  and  poflcfles  all  the  properties  of  a  pure  fait  of  tartar.  But  as  the  alkali  made 
pfe  of  in  general,  by  our  cheinifts,  is  far  from  being  fo,  the  article  we  meet  with  has  gene- 
rally a  yellowifh  tinge,  a  difagreeable,  fomewhatlirinous,  fmell,  and  foon  depofits  a  confider- 
ble  quantity  of  earthy  infoluble  matter.  - 

Water  of  Pure  Kali.  Ph.-L.     Solution  of  Caujlic  Pot-afl>. 

As  it  is  called  in  our  Pharmacopeia,  ought  to  be  a  folution  of  cauftic  alkali  in  water,  of 
fuch  a  ftrength  that  an  txaft  pint  (hall  weigh  juft  16  oz.  troy.  When  well  prepared,  it  is  as 
'  limpid  as  water,  and  inodorous.  It  ought  not  to  occafion  any  precipitate  with  lime  water* 
neither  ought  it  produce  the  leaft  efiervefcence  with  acids.  A  redundancy  of  lime  is  beft 
known  by  blowing  into  this  fluid,  through  a  tobacco  pipe,  or  other  tube*  If  too  much 
lime  be  prefent,  the  fluid  will  then  turn  turbid.  Inftead  of  obtaining  this  article  in  the" 
\  (hops,  we  take  common  foap-leys  of  the  foap  manufa&urers,  diluted  with  water,  hence  this. 

article  is  always  yellow,  and  hence  the  redundancy  of  lime,  and  other  heterogeneous  (alts 
found  in  it. 

• 

■♦  Prepared  Natron.   Ph.  L.     Mineral  jflkafu 

As  it  is  no  eafy  tafk  to  obtain  mineral  alkali  perfeBly  pure,  we  need  not  expe&  to  find  it 
fo  in  commerce.  This  article,  if  prepared  agreeably  to  the  dire£tions  of  the  Royal  Col- 
lege of  Phyficians,  cannot  but  be  contaminated  with  fulphate  and  muriate  ofjoda.  But 
what  is  ftiU  worfc,  the  fraudulent  chemifts  mix  fulphate  of  (bda  with  it  intentionally.  In 
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order  to  difcover  the  fulphuric  and  muriate  fait,  a  determinate  quantity  of  the  alkali  is  to 
be  faturated  with  acetous  acid,  and  then  divided  into  three  different  glaffes.  By  adding  to 
the  firft  gradually  a  folution  of  muriate  of  barytes,  the  quantity  of  fulphuric  acid  may  be 
di (covered,  in  the  fame  manner  as  mentioned  before.  In  the  fecond  glafs,  having  let  fall  a 
few  drops  of  nitrate  of  filver,  the  quantity  of  muriatic  acid  may  be  inveftigated  in  a  fimilar 
manner  ;  and  by  adding  gradually  a  little  tartareous  acid  to  the  third  glafs,  an  acidulous  tar- 
traite  of  pot-afh  will  be  feparated  in  the  form  of  a  white  powder,  300  parts  of  which  con* 
tain  107  per  cent,  of  vegetable  alkali,  as  75}  per  cent,  pure  alkali,  free  from  carbonic 
acid. 

The  bed  mineral  alkali,  free  from  any  heterogeneous  admixture,  cryftallizes  in  oblong 
druneated  rhomboidal  cryftals,  as  clear  as  glafs.  It  is  foluble  in  an  equal  quantity  of  cold 
water,  and  generally  contains  80  parts  of  alkali,  64  carbonic  acid,  and  256  of  water. 

Water  of  Pure  Ammonia*  Ph.  L.     Water  impregnated  with  Ammoniac* 

The  perfeBly  cauflic  fpirit  of  fal  ammoniac,  as  it  is  ufually  called,  is  one  of  thofe  articles  we 
feldom  meet  with.  It  generally  contains  aconfiderable  portion  of  carbonic  acid,  and  is  alfo 
not  fufficiently  ftrong  (particularly  for  philofophical  purpofes).  If  this  liquid  is  confiderably 
ftrong,  a  phial  containing  exa£tly  224  grains  of  diftilled  water  mull  comprife  no  more  than 
about  216  grains  of  aqua  ammonia. 

Water  of  Ammonia.  Plu  L-     Solution  of  Carbonate  of  PoUafb. 

In  order  to  judge  of  the  relative  ftrength  of  this  article,  which  is  nothing  elfe  but  a 
mere  folution  of  carbonate  of  ammoniac  in  water ;  ftrong  ardent  fpirit  may  afford 
no  mean  criterion  of  the  ftrength  or  proper  faturation,  as  well  as  of  the  purity  of  this 
fluid.  If  this  fluid  be  fully  faturated  with  carbonate  of  ammoniac,  a  quantity  of  ftrong 
ardent  fpirit,  poured  flowly  down  the  fides  of  the  glafs,  will  feparate  the  alkaline  fait,  by 
uniting  with  the  water,  which  kep't  it  in  folution,  in  confequence  of  which  an  opake  denfe 
coagulum  will  be  formed  on  the  furface  where  the  fluids  touch  each  other ;  and  if  on  (bak- 
ing them  brifkly  together,  the  whole  mixture  (hould  become  converted  into  a  nearly  con- 
fident mafs,  this  article  is  very  good*  Whereas,  on  the  .contrary*  if  weak,  the  effefl:  will 
be  far  lefs  confiderable,  and  the  coagulum  will  conftantly  remain  feparated  into  two  diftinft 
parts,  viz.  a  folid  and  a  fluid  one. 

Water  of  ammonia  fully  faturated  with  carbonate  of  ammoniac  has  the  fpecific  gravity 

Prepared  Ammonia*   Ph.  L.     Carbonate  of  Ammoniac* 

This  fait  (hould  be  totally  volatile  if  laid  on  an  ignited  ffcbftance.  It  is  frequently  of- 
fered for  fale  by  chemifts  in  the  form  of  a  coarfe  powder,  which  is  nothing  elfe  than  a 
mixture  of  muriate  of  ammoniac  and  pot-alh;  this  compofition  of  courfe  is  not  entirely  vola- 
tilifed  by  heat    The  carbonate  of  ammoniac  imported  from  abroad  always  contain  veftiges 
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of  iron,  and  fometimes  a  confiderable  quantity  of  lime.  In  order  to  difcover  the  prefence  of 
iron,  a  little  of  the  fait  is  to  be  faturated  with  acetic  acid,  a  few  drops  of  pruffiate  of  pot-afli 
is  then  to  be  added,  which  will  impart  to  the  folution  a  blue  tinge  if  the  minuted  quantity 
of  iron  be  prefent.  The  piefence  of  calcareous  earth  is  manifefted  by  means  of  oxalic  acid, 
occafioning  a  white  precipitate  of  carbonate  of  ammoniac  \  jthat  containing  the  lcaft  quantity 
of  iron  has  a  yellowifli  tinge,  whereas  pure  carbonate  of  ammoniac  is  bf  a  fnow  whitenefs, 
perfc&ly  dry,  fomewhat  fonorous,  volatile  before  2120  Fahr.  and  foluble  in  2  parts  of  diftil- 
led  water  at  550  Fahr.  Its  fpecific  gravity  is  generally  I94076,  and  its  component  parts  are 
40  ammoniac,  53  carbonic  acid,  and  7  water*  1 

SaU  of  Hart/born.  Ph.  L.     Carbonate  of  Ammoniac  foiled  with  Animal  Oil. 

The  genuinenefs  of  this  article  (which  differs  from  the  former,  merely,  in  being  impreg- 
nated with  a  fmall  quantity  of  animal  oil)  may  be  difcovered  in  a  fimilar  manner. 

Solution  of  the  above  in  an  Aqueous  Fluid.    Volatile  Liquor  of  Hart/born*     Ph.  L. 

Is  in  general  imitated  by  mixing  a  quantity  of  aqua  ammoniae  purae  with  the  officinal 
fplrit  of  hartihorn,  in  order  to  make  it  ftrongei1,  and  to  give  it  the  appearance  of  a  fpirit  well 
faturated  with  volatile  fait.  The  fpirit  thus  becomes  more  pungent,  fo  as  to  bear  an  addition 
of  a  confiderable  portion  of  watef,  without  betraying  the  impofition  either  by  the  tafte  or  fmell. 
This  fraud  may  be  difcovered  by  adding  ftrong  ardent  fpirit  to  the  fophifticated  fpirit ;  for 
if  no  confiderable  quantity  of  cryftallized  volatile  fall  becomes  precipitated,  the  adulteration 
may  be  fufpe£ted.  It  may  even  be  difcovered  by  the  circumftance  of  the  fpirit  not  effcr- 
vefcing  brifldy  with  acids. 

Spirit  of  hartihorn  carefully  diftilled  is  colourlefs.  Its  tafte  is  not  very  unpleafant  (faline 
not  pungent),  and  its  fmell  fomewhat  empyrcumatic.  By  long  keeping  it  contrads  a 
yellowifli  tinge,  and  acquires  a  bitter  tafte  and  naufeous  fottid  fmell.  If  fully  impregnated 
with  volatile  alkali,  its  fpecific  gravity  is  about  1,500. 


IX. 

A  Memoir  on  ike  Ammoniuret  of  Cobalt)  and  upon  a  new  Acid  contained  in  the  Grey  Oxide- 
of  that  Metals  known  by  the  Name  of  Zaff re.  By  Louis Brugnatelli*. 


M 


T  attemion  has  been  for  fome  time  dire&ed  to  the  ammoniacal  combinations  of  the- 
metals,  or  the  ammoniurets.  They  have  hitherto  been  little  examined,  excepting  that  of 
coppftr,  though  their  chara&eriftic  properties  diftinguifh  them  very  prominently  from  other 

♦  TranHftted  from  the  Italtao  marrafcript  of  the  author^  by  Van  Mons,  into  French' in  the  annals  de 
Chemic  XXXIII,  114,  whencntbc  pre&st  tranflaUoiv  is  md*» 

e 
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bodies.    The  ammoniuret  of  cobalt  is  that  to  which  I  direAed  my  firft  refearcKes  #,  and  I 
now  fend  you  an  account  of  the  peculiarities  they  have  offered! 

1.  I  had  feveral  times  obferved  that  the  precipitate,  formed  by  ammonia  in  the  folution 
of  the  nitrate  of  cobalt,  was  rediflblved  in  that  alkali.  I  colle&ed  this  precipitate  on  a  filtre, 
and  wafhed  and  dried  it.  Its  colour  was  dark.  Upon  half  an  ounce  of  this  precipitate  I 
poured  two  ounces  of  liquid  ammonia,  after  which  I  clofed  the  bottle,  and  left  the  mixture 
at  reft;  the  temperature  of  the  atmofphefe  being  200  above  the  zero  of  Reaumur.  At  the  ex- 
pirntionof  24  hours  the  alkali  had  acquired  a  deep  red  colour  f,  and  the  precipitate  was  en- 
tirely diffolved.  I  fuppofed  I  had  formed  a  perfedt  ammoniuret;  but  neverthelefs  I 
endeavoured  to  procure  a  larger  quantity  by  other  means. 

<  I  attempted  without  effeft  to  diflblve  fmalt,  of  the  blue  (glafs)  of  cobalt,  in  cauftlc  ammo- 
nia, even  with  the  affiftance  of  long  continued  digeftion;  but  folution  took  place  without 
difficulty  with  the  grey  oxide  of  the  fame  metal,  commonly  called  Zaffire.  This  fubftance 
afforded  me  an  eafy  means  of  procuring  the  ammoniuret  in  abundance,  and  to  repeat  and 
Tary  my  experiments  in  feveral  different  manners. 

3.  I  evaporated  the  ammoniuret  obtained  from  zaffre  to  drynefs.  The  concrete  refidue 
which  I  obtained  was  eompofed  of  two  veTy  diftinft  fubftances,  one  of  which  was  of  a  deep 
ted  colour,  and  the  other  of  a  pale  yellowifh  tinge. 

4.  I  poured  diftilled  water  upon  this  refidue,  agitating  the  mixture  with  a  fpatula  of  glafs* 
The  red  portion  was  totally  diffolved,  and  communicated  a  !>eautiful  rofe-colouf  to  the 
water.     The  yellowifli  matter  remained  undiffolved. 

5.  The  yellowifli  fubftance  may  be  obtained  by  evaporating  the  liquid  ammoniuret,  from* 
which  it  is  feparated,  the  moment  the  fluid  is  reduced  to  half  its  original  bulk,  Tl>e  red  fub- 
ftance remained  diffolved  in  the  laft  fourth  part  of  the  liquid  %. 

6.  Ammonia  therefore  takes  from  aafrre  in  its  folution  two  very  di(tin&  fubftances,  of 
which  the  one  foluble  in  water  has  a  red  colour,  and  the  other  infoluble  in  the  fame  liquid 
is  yellowifli.  This  laft  fubftance  is  the  pure  oxide  of  cobalt.  .We  think  we  have  discovered 
a  peculiar  acid  in  the  former,  diftin&  in  its  properties  from  every  other  known  acid. 

Concerning  the  pure  Oxide  of  Cobalt. 

.  7.  The  yellowifli  fubftance  which  is  feparated  by  flow  evaporation  in  the  air,  or  in  the 
fun's  light,  may  be  confldered  as  the  pure  oxide  of  cobalts  In  fa£t  it  is  infipic^  inodorous-,, 
infoluble  in  water,  and  foluble  in  the  mineral  acids.    The  nitro-muriatic  acid  forms  with  it 

•  I  have  fmce  examined  the  ammoniuret*  of  mercury,  zinfc,  copper,  and  arfenic.    B. 

f  Bergman  obferved  only  thit  ammoniac  aflumed  a  red,  colour  with  cobalt.     "  Cobaltum,"  fays  he,  u& 
44  niccolo  differt  quod  omnibus  acidis  et  alcali  volatile  folvatur  colore  rubro."    This  circumftance  has.  been 
repeated  by  chemifts  without  addition.    B. 

t  A  yellow  matter  is,  feparated  from  the  ammoniuret  of  cobalt,  if  kept  for  a  time,  even  in  well  clotcd* 
bottles.    B. 
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a  yellowifh  folution,  which  lofcs  mod  of  its  colour  by  the  addition  of  a  fmall  portion  of  dtf- 
tiHed  water. 

8.  This  folution  niay  be  ufed  as  a  fympathetic  ink,  like  the  common  muriate  of  cobalt. 
Sometimes  the  acid  refufes  to  diflblve  the  whole  of  the  oxide ;  but  the  folution  is  com- 
pleted  by  the  addition  of  a  fmall  quantity  of  water. 

9.  This  folution  is  precipitated  by  the  prufliate  of  pot-afh,  of  a  blucifh  green,  which 
does  not  change.  It  is  not  precipitated  by  the  gallic  acid,  but  the  folution  becomes  of 
a  deeper  colour.  In  other  refpefts  this  folution  has  the  fame  habitudes  as  the  common 
folution  of  .cobalt  in  the  fame  acid* 

10.  The  muriatic  acid  diflblves  the  yellcrw  oxide  very  well,  and  affumes  a  very  deep  green 
colour,  which  immediately  difappears  with  the  nitrous  acid,  and  alfo  by  a  fmall  portion  of 
water.  But  it  is  revived  again  by  the  .addition  of  a  fmall  quantity  of  well  concentrated 
muriatic  acid. 

Of  the  pure  Ammoniuret  of  Cobalt. 

* 

.  11.  The  yellow  oxide  is  totally  foluble  in  ammonia,  and  forms  the  pure  ammoniuret. 
Its  colour  is  yellow,  and  fometimes  rofe  coloured ;  the  acids  do  not  decompofe  it ;  the 
muriatic  acid  difcoloufs  it ;  prufliate  of  pot-afh  gives  it  a  grey  colour,  and  afterwards 
throws  down  a  precipitate  of  the  fame  colour.  The  fulphuret  of  pot-afh  caufes  it  to 
afiume  a  deep  colour,  inglinfhg  to  black,  and  throwsdown  fulphuret  of  cobalt*. 

• 

Concerning  the  Acid  obtained  from  the  Ammoniuret  of  Cobalt  >  and  its  Properties* 

12.  The  red  fubftance  of  tfie  preceding  experiments  was  feparated  from  the  yellow 
oxide.  For  this  purpofe  I  evaporated  the  liquid  ammoniuret  in  the  fun,  and  when  it  was 
reduced  to  about  one-fourth  of  its  volume,  and  no  longer  afforded  any  yellow  precipitate, 
I  filtered  it  through  paper.  The  fluid  was  of  a  deep  red  colour,  like  that  of  cochineal. 
This  liquid  emitted  no  fmeil,  but  its  tafte  was  very  fliarp.  It  was  expofed  to  the  fun's 
light  till  perfe£Uy  dry. 

13.  The  remaining  mafs  was  diflblved  in  diftilled  water,  which  acquired  a  fine  ruby 
colour.  This  folution  exhibited  unequivocal  figns  of  acidity.  It  depofited  on  cooling, 
fome  fmall  brilliant  cryftals,  which  I  found  to  be  a  combination  of  the  acid  with  am- 
monk.  This  acid  appearing  to  be  diftinft  from  every  other,  I  have  thought  fit  to 
call  it  the  cobalttc  acid. 

In  order  to  afcertain  whether  heat  was  capable  of  railing  the  cobaltic  acid,  I  fubmitted 
one  pound  of  the  ammoniuret  of  cobalt  to  diftillation  in  a  retort.  When  three-fourths 
of  the  liquid  had  pafied  into  the  receiver,  I  flopped  the  diftillation.    The  retort  contained 

*  The  fulphuret  of  cobalt,  dried  in  the  air,  refembles  zaffire  In  its  .colour.  When  rubbed  on  paper,  it 
aflumes  the  metallic  brilliancy,  as  do  mo  ft  of  the  other  metallic  fulphurets.  It  emits  a  fclphureous  fraeil 
when  heated,  and  takes  fire  when  thrown  on  ignited  coals.    B. 

3  x         a  liquid 
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a  liquid  rendered  turbid  by  the  precipitated  yellow  oxide.  I  decanted  the  liquid  after  the 
nrecipitate  had  fettled*  and  evaporated  it  to  drynefs.  The  refidue  was  yellowifh,  and 
partly  foluWe  in  water,  to  which  it  communicated  a  yellow  tinge*  This  folution  exhibited 
all  the  acid  chara&ers  of  the  red  liquid.  No.  15.. 

15. '  In  another  experiment*  I  put  one  pound  of  the  ammoniuret  of  cobalt  into  a  retort* 
and  urged  the  diftillation  to  drynefs*    The  fixed  matter  which  remained  on  the  bottom,  < 
of  the  retort  was  blue  at  the  furface,  but  internally  yellow.     After  fome  hours  the  blue 
colour  totally  difappeared,  and  was  changed  into  ted. 

16.  A  remarkable  difference  between  the  refidue  of  the  evaporation  by  the  fun's  light* 
and  that  by  the  fire,  was  that  the  latter  tranfmits  the  cobaltic  acid  nearly  colourlefs  *  fo  that 
the  cold  folution  is  nearly  as  limpid  as  water.  I  have  befides  remarked*  that  by  this  laft 
procefs  the  acid  contains  little  or  no  cobalt  of  ammonia. 

17.  I  (hall  here  prefent  the  principal  chara&ers  which  cHfTmguifh  this  new  acid. 
They  are 

i.  Its  form  is  concrete,  and  it  is  not  volatilized  by  fire. 

2.  In  fome  inftances  it  is  red  (13);  in  fome  pale  yellow  (14);  and  in  fome  colour*  , 
kfs  (16). 

3.  It  is  without  fmell. 

4.  It  has  a  fharp,  and  not  unpleafant  taftc 

5.  It  ftrongly  reddens  the  tin&ure  of  turnfole. 

6.  It  is  perfectly  foluble  in  water. 

7.  It  decompofes  all  the  fulphurets  of  alcali,  and  precipitates  the  fulphur. 

8.  It  precipitates  the  ammoniuret  of  copper  of  a  light  green,  and  that  of  zink  of 
a  clear  white. 

9.  It  precipitates  the  fulphuret  of  copper  of  the  fame  colour  as  the  ammoniuret  of  that 

metaL 

10.  It  precipitates  the  nitrate  of  filver  white; 

11.  The  nitro  muriate  of  tin  the  fame. 

12.  The  nitrate  of  mercury  of  a  light  draw  colour.. 

13.  The  acctite  of  lead  white. 

14.  It  does  not  fenfibly  affe£t  the  folutions  of  gold  and  platina; 

15.  It  precipitates  lime  water  in  a  white  coagulum,  infoluble  in  water,  and  in  exceft 
of  acid. 

16.  It  precipitates  the  acetites  and  muriates  of  barytes- 

17.  It  is  feparable  by  alcohol  from  its  folution  in  water. 

18.  When  employed  as  a  fympathetic  ink,  it  does  .not  give  a  green  or  blue  colour,  lik?  - 
the  fblutions*  of  cobalt ;  but  gives  a  brown  and  afterwards  a  black  colour  to  paper  when 
rather  ftrongly  heated,  as  happens  with  other  acids. 

19.  It  affords,  with  new  made  tin&ure  of  galls,  a  yellow  abundant  precipitate* 

20.  With. 
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20.  With  the  faturated  folution  of  foda,  it  affords  an  irregular  tranfparent  fak  foluble 
in  water,  and  not  deliquicfcent. 

21.  With  pot-ath  it  affords  a  cryftallizable  fait  in  fijuare  cryftak,  which  are  tranfparent 
and  permanent  in  the  air. 

22.  With  ammoniac  it  forms  a  fait  foluble  in  its  acid* 

23.  With  bary tea  it  forms  an  opake  fak,  pryftallizable  with  difficulty. 

Supplement. 

The  prefence  of  an  acid  in  zaffre,  induced  one  to  futpeQ:  that  it  might  probably  be  ar- 
fenical :  but  this  4<*ubt  foon  vanHhed,  by  comparing  the  chara&ers  of  each* 

i.  The  arfenical  acid  does  not  precipitate  the  'Solutions  of  Giver,  as  does  the  cobaltic 
acid.  2.  The  arfenical  acid  precipitates  lime  water ;  this  arfeniate  is  re-diffolved  by  the 
acid,  as  well  as  by  a  new  quantity  of  lime  water*  The  contrary  happens  with  the  acid  of 
cobalt.  3.  The  arfenical  acid  does  not  decompofe  the  muriate  and  acetite  of  barytes,  as 
does  the  cobaltic  acid.  4.  The  arfenical  acid  is  foluble  in  alcohol,  which  precipitates  the 
cobaltic  in  a  concrete  form* 

It  remained  to  be  provedt  whether  the  acid  obtained  from  zaffre  exifted  ready  formed  in 
that  oxide,  or  whether  it  was  produced  by  the  a&ion  of  the  ammonia* 

As  the  acid  of  cobalt  is  very  foluble  in  water,  I  boiled  fix  pounds  of  zaffre  in  eight' 
pounds  of  water  for  a  quarter  of  an  hour,  and  filtered  the  liquid  while  yet  warm.  That 
whkh  parted  was  tranfparent  and  colourlefcj  hut  had  a  perceptible  tafte.  I  evaporated  the 
liquiff,  taking  care  to  cover  the  veflel  with  a  piece  of.filk*  When  it  was  reduced  to  one 
half,  it  became  turbid,  but  the  matter  which  was  fepatated  was  not  perceptibly  coloured. 
I  continued  die  evaporation  till  no  mose  thaa  ene-ithird  of  the  liquid  remained,  and  then 
removed  it  from  the  fire.  It  depofited  a  very  white  matter,  which  the  conta&  of  the  air 
changed  to  a  beautiful  rofe  colour.    I  feparated  this  matter,  and  colle&ed  it  on  the  filtre. 

The  filtered  fluid  was  of  a  bright  yellow  colour,  and  perfe£Uy  tranfparentr  It  had  a 
very  decided  acid  tafte ;  "reddened  the  tintturje  of  turnfole,  jpeedily  decomposed  lime  water, 
the  falts  of  barytes  and  of  filver,  was  precipitated  by  alcohol,  &c.  lo  a  word,  its  habitudes 
were  in  every  refpeft  the  fame  as  tbpfe  of  the  cobaltic  acid  obtained  by  the  foregoing 
proceffes* 

The  red  depofition  which  remained  on  the  fijtre  had  no  tafte,  and  coloured  the  muriatic 
a^id  of  a  very  fine  green.  It  was  the  pure  oxide  of  cobalt*  This  oxide  is  largely  foluble  in 
its  own  acid,  and  is  precipitated  in  proportion  as  the  acid  is  concentrated* 

The  acid  which  the  ammonia  feparated  from  the  zafire*  exifts  therefore  ready  formed 
m  that  fubftance.  Its  radical  (till  remains  to  be  pofijwely  ascertained.  In  tlie  mean  tfme 
I  Jure  thought  it  prpper  to  deHgnatc  it  by  the  name  <rf  the  CvbaJtic  Add.     . 
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The  Apparatus  ofWoulft  improved*  fo  as  not  to  require  luting.    By  Cii.  Girard* 

XxS  the  ingenious  apparatus  of  Woulfe,  which  has  been  fo  highly  ufcful'  in  mode 
chemiftry,  always  requires  a  confiderable  time  for  its  arrangement  in  thofe  operations' 
which  it  is  ufed,  the  attention  of  philosophers  has  been  long  directed  to  the  means 
Amplifying  it.     Various  forms  have  been  contrived  to  conftrufl  this  apparatus,  hermefi- 
cally  clofed,  without  the  afiiftance  of  luting j  but  they  are  in  general  Joo  difficult  in  the         & 
execution.     That  which  I  now  offer  to  the  Inftitute,  may  be  put  together  or  difmounted 
in  a  few  feconds,  and  appears  applicable  in  all  the  circumftances  of  experiment. 

It  confifts  (imply  in  caufing  the  veflels  to  be  made  at  die  glafs  houfe,  with  the  neck  A,  to 
receive  the  interior  tube  AB  (PL  II.  Fig.  2, )  which  is  welded  in,  the  neck  itfelf  hg^ncgti^ 
of  a  proje&ion  in  the  fide  of  the  glafs.  The  tube  on  the  opposite  fide  is  firft  drawn  to  a 
point,  or  thin  tube  as  ufutil ;  but  then  inftead  of  breaking  this  tube  near  the  bottle,  to  make 
it  agree  with,  the  fubfequent  fittings,  it  is  left  entire  and  bended,  fo  that  it  terminates  in  * 
curve,,  which  may  be  introduced  into  the  tube  A  B.  It  is  unneceiTary  to  remark,  that  the 
tube  A  B,  and  the  neck  into  which  it  enters,  fliould  have  the  fame  curvature,  which  is  very 
eafily  effe£ted  by  bending  both  on  the  fame  cylinder  of  earth  or  wood. 

It  may  be  eafily  underftood,  that  the  neck  of  the  firft  bottle  being  introduced  into  the 
tube  of  the  fecond,  beypnd  which  it  proje&s,  and  both  tubes  entirely  immerfed  in  the 
water,  no  gas  can  efcape  from  the  firft  veflel,  but  by  pafling  through  its  neck)  and  through 
the  liquid  it  contains. 

Fig-  3«  reprefents  another  apparatus  of  Woulfe's,  which  will  fupply  the  place  of  the 
other  in  cafe  of  diftance  from  a  glafs.  houfe.  It  is  compofed  of  large  necked  bottles  and 
tubes*  Take  a  fomewhat  thick  tube,  of  fufficient  bore  to  receive  another.  The  upper  part 
of  this  mult  be  enlarged  by  heating  and  blowing,  and  it  may  afterwards  be  ground  and 
made  to  fit  in  the  form  of  a  (topper. 

Another  tube  (hould  be  then  taken,  which  can  enter  the  firft  fo  loofely  that  it  can  be 
moved  with  eafe.     The  extremity  A  of  this  tube  is  then  ground  in  the  fame  manner,-  in    " 
order  that  it  may  fit  another  bottle,  after  which  the  ufual  curve   ABC  is  given  to  it* 

Laftly,  it  is  introduced  into  the  tube  E  F,  fig.  4.  and  the  prominent  part  D  is  bended 
upwards*  The  veiTcl  may  then  be  confidered  as  hermetically  clofed,  as  foon  as  the  lower 
aperture  of  the  large  tube  is  immerfed  in  the  included  water* 

The.curve  of  the  tubes  and  necks  of  the  bottles  is  only  intended  to  dire&  the  bubbles  of 
£as  which  efcape  through  the  neck,  that  they  may  not  again  enter  the  tube  out  of  which 

they  ate  required  to  pafs*    This  curvature  is  not  required,  except  in  fmall  apparatus* 

•  ■  * 

*  Aiuwles  it  Chimie,  xxxii.  *8j. 
Vol.  IV.— Arm*.  1800.  G  Whea 
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When  a  proje&ion  pf  an  inch,  or  more,  can  be  given  to  the  neck  beyond  the  tower  opening 
of  the  tube,  the  bubbles  muft  necefiarily  efcape  without  that  precaution. 

Fig  5.  exhibits  another  conftru&ion  of  the  fame  apparatus. 

If  an  apparatus,  compofed  oJf  a  very  long  feries  of  bottles  were  employed,  it  might  be 
(eared,  that  the  gas  contained  in  the  firft  vefiel  having  a  very  ftrong  reGftancc  to  conquer, 
would  caufe  the  fluid  of  the  firft  bottle  to  expand  and  rife  in  the  tube ;  but  it  is  Very  eafy 
to  vemedy  this  inconvenience,  either  by  ufing  bottles  of  different  Gzes,  or  by  putting  a 
imaller  quantity  of  fluid  in  the  firft  bottles,  than  in  the  following  ones. 
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A  Mtitmr  on  ike  Difcovety  of  certain  B&nes  of  a  Quadruped  of  the.  Clawed  Kind  in  the  Wef- 

tern  Parts  of  Virginia*    &y  Thomas  Jefferson*  Efq. 


In 


a  letter  of  July  3d,  I  informed  our  late  mod  worthy  prefident,  that  fame  bones  of  a 
very  large  animal  of  the  clawed  kind  had  been  recently  difedvered  within  this  ftatc,  and 
promifed  a  communication  on  the  fubjeft  as  foon  as  we  could»recover  what  were  ftill  re- 
coverable of  them.  It  is  well  known  .that  the  fubftratum  of  the  country  beyond  thfc  Blue 
ftidge  is  a  limeftone,  abounding  with  large  caverns,  the  earthy  floors  of  which  are 
highly  impregnated  with  nitre ;  and  that  the  inhabitants  are  in  the  habit  of  extra&ing  the 
nitre  from  them.  In  digging  the  floor  of  one  of  thefe  eaves,  belonging  to  Frederic  Cromer 
in  the  county  of  Greenbriar,  the  labourers  at  the  depth  of  two  or  three  feet,  came  to 
fome  bones,  the  fize  and  form  of  which  befpoke  an.  animal  unknown  to  them.  -The  nitrous 
impregnation  of  the  earth,  together  with  a  fmall  degree  of  ;petrification,  had  probaMy 
been  the  means  of  their  preservation.  The  importance  of  the  difcovery  was  not  known 
to  thofe  who  made  it,  yet  it  excited  converfation  in  the  neighbourhood,  and  led  perfons  of 
vague  curiofity  to  feek  and  take  away  the  bones*  It  was  fortunate  for  fcience  that  one  of 
its  zealous  and  well  informed  friends,  Colonel  John  Stewart  of  that  neighbourhood,  heard 
of  the  difcovery,  and,  fenflble  from  their  description,  that  they  were  of  an  animal  not 
known,  took  meafures  without  delay  for  faving  thofe  which  ftill  remained.  He  was  kind 
enough  to  inform  me  of  the  incident,  and  to  forward  me  the  bones  from  time  to  time  as 
they  were  recovered.  To  thefe  I  was  enabled  accidentally  to  add  fdme  others  by  the  kind- 
nefs  of  a  Mr.  Hopkins  of  New  TTork,  who  had  vifitcd  the  cave.    Thefe  bones  are, 

1  ft.  A  (mall  fragment  of  the  femur  or  thigh  bone*  being  in  fa&  only  its'  lower  extre- 
mity, feparated  from  the  main  bone  at  its  epiphyfis,  fo  as  to  ghre  us  only  the  two  condyles* 
but  thefe  are  nearly  entire. 

* 

V  American  Tranfaftiorw,  IV.  146. 
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2d.  A  radius,  perfed. 

3<L  An  ulna,  or  fore-arm!  perfe&,  except  that  it  is  broken  in  two. 

4th.  Three  claws,  and  half  a  dozen  other  bones  of  the  foot}  but  whether  of  a  fore  or 
hinder  foot,  is  not  evident. 

About  a  foot  in  length  of  the  refidue  of  the  femur  was  found)  it  was  fplit  through  ftp 
middle*  and  in  that  (late  was  ufed  as  a  fupport  fpr  one  of  the  fait  petre  va,U;  this  piece 

was  afterwards  loft,  but  its  meafures  had  been  firft  taken,  as  will  be  ftated,  hereafter* 

»  *. 

(To  be  continued.) 
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Letter  from   Dr.   Beddoti ;    with  a  Profofql  far  a   Courfe  of  Le&ures. 

To  Mr.  NICHOLBON. 

SIR," 

■     ,■  ■■ 

I* 
F  you  approve  the  fpirit  of  the  undertaking,  announced  in  the  enclofed  paper,,  pray 

notice  it  in  your  Journal.  I  hope  the  example  will  be  followed.  Whether  the  number  of 
pefTons,  aware  of  the  paramount  importance  of  the  fcience  of  animal  nature,  is  at  pfefent 
fufRcient  to  enfure  a  reafonable  compenfation  to  thpfe  who  may  attempt  to  explain  it  in 
le&ures,  I  am  not  uncertain.  But  this  sera  is  faft  approaching.  I  am  perfuaded  we  {hall 
fee  inftitutions  for  this  purpofe,  fimilar  to  thofe  which  have  long  exifted,  or  been  lately 
formed  for  important,  but  very  inferior  purpofes.  %,    . 

The  fuccefs  at  firft  experienced  in  the  treatment  of  palfy  by  the  gas,  before  fpoken  of  in 
your  Journal,  continues.  I  repeat  my  undoubting  conviftion,  that  tho  introdu&ion  of 
fa&itious  air  into  medicine,  wiH  amply  recompence  the  pains  that  have  been  taken  to  bring 
it  about.  I  had  engaged  ap  able  difleftor  and  draughtfman,  for  the  purpofeof  co-opera- 
ting with  Mr.  Davy  and  myfelf  in  phyfiological  researches.  '  But  an  opportunity  offering 
for  his  advantage,  I  of  cpujfe  relinquifhed  my  claims  upon  him ;  I  am  much  in  want  of  a 
fucceffor,  and  I  wifti  fome  ingenious  young  man,  accuftomed  to  manage  the  fcalpel  and 
the  pencil,  may  be  induced,  by  this  notification,  to  join  us  in  an  ehterprize  which  muft  be 
congenial  to  the  feelings  of  every  ardent  cultivator  of  medical  philofophy,  I  fhoqld  make 
the  conditions  as  agreeable  to  him  as  it  lies  in  my  power  to  do. 


March  &,  l?o,©u 


I  am,  Sir, 
Tour's,  with  great  efteem, 

THOMAS  8EDDOE& 

G  Z  Lefiuret 
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LecJures  on  the  Laws  of  Animal  Nature,  and  an  the  Means  of  preferring  the  Syftem  frcw 

Injury  upon  the  mqft  important  Oceaftons  of  common  Life. 

At  Come  convenient  place  in  Briftol^  Dr.  Beddoe6  propofes  to  attempt  a  popular  expofi- 
tion  of  the  principles  of  the  animal  ceconomy,  with  their  application  to  the  purpofes  of 
individual  and  ddmeftic  welfare,  upon  a  plan  widely  different  from  that  of  any  exifting 
publication.  For  his  opinion  on  the  advantage  of  diffeminating  phyfiological  information, 
he  may  refer  to  his  LeBure  introduElory  to  Meffrs.  Bowles  &  Smith's  Courfe  of  Anatomy ; 
and  an  exemplification  of  the  manner  in  which  he  thinks  the  fubjeft  ought  to  be  treated 
will  be  found  in  his  Effay  on  Confumption. 

Heretofore  an  acquaintance  with  the  caufes  of  his  perfonal  condition  has  feldom  been 
numbered  among  the  accomplijhments  of  the  fcholar,  or  the  qualifications  with  which  the 
man  of  bufinrfs  is  fitted  out  for  fuccefs  in  the  world.  Yet  it  will  be  confeffed,  that  neither 
fuccefs  in  bufinefs,  nor  proficiency  in  the  fciences,  accounted  liberal,  are  Separately  fufli- 
cient  for  rendering  the  condition  of  human  life  defireable.  And,  in  faft,  to  endeavour 
.  by  any  combination  of  thefe  materials,  to  conftruft  a  fyftem  of  perfonal  happinefs,  is  to 
projeft  an  edifice  which  fhall  (land  fecure  without  a  foundation.— Of  a  truth,  fo  long  and 
to  generally  neglefted,  a  portion  of % the  public,  it  is  believed,  begins  to  feel  that  degree  of 
conviftion  which  operates  upon  conduft.  In  this  belief,  the  prefent  opportunity  of  in- 
ftruftion  is  offered  to  thofe  who  may  be  defirous  of  it. 

If  it  be  allowed  that  the  moral  and  phyficaT  attributes  of  human  nature  are  infeparable, 
perfons  interefted  in  the  art  of  education  will  fcarce  require  to  be  reminded  of  the  value  of 
that  fpecies  of  knowledge  which  the  leftures,  here  announced)  are  intended  to  commu- 
nicate. 

They  ought  to  prevent  many  of  thofe  mortal  bruifes  which  travellers  along  the  road  of 
life  give  themfelves  for  want  of  knowing  the  quality  and  pofition  of  the  objefts  in  their  way. 

By  prefenting  a  juft  eftimate  of  that  art  to  the  operations  of  which  almoft  every  one  is 
fooner  or  later  doomed  to  fubmit,  they  fhould  afford  fome  proteftion  againft  grofs  medical 
incapacity  or  fraud. 

They  fhould  reduce  to  their  juft  value  many  of  thofe  axioms  that  wander  about  the  world 
concerning  what  is  wholefome  or  unwholefome  in  diet  or  exercife : — axioms  which  the  in* 
ftinft  of  felf-prefervation  impels  men  to  take  up  j,  and  upon  which,  however  loofely  adopt- 
ed, they  aft  with  as  full  aflurance  as  if  they  knew  them  to  have  the  mod  folid  foundation 
in  phyfiological  fcience. 

Numbers  fall  viftims  to  their  own  impatience  under  illnefs,  or  to  the  wavering  conduct 
-of  their  friends.  Frequently  in  the  onfet  of  dangerous  difeafes,  people  by  fuffering  them* 
felves  to  be  amufed  by  trifling  domeftic  expedients,  lofe  an  opportunity  which  no  medical 
ikill  can  ever  retrieve.  Upon  thefe  evils  the  prevalence  of  jufter  ideas  would  aft  as  a  check* 
Nor  is  it  paradoxical  to  fuppofe  that  the  mortality  among  infants  would  be  fmallcr,  and 
debility  of  constitution  at  all  periods  of  life  more  rare,  if  parents  (however  inftrufted  in 

3  .'  other 
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other  things)  were  not  In  common  nearly  upon  a  level  with  nurfes  in  that  which  it  fo  much 
imports  them  to  poflefs— an  acquaintance  with  the  powers  that  operate  to  the  injury  or 
advantage,  the  deftru&ion  or  prefervation,  of  the  objc&s  of  their  affe£Hon. 

The  Author  further  hopes  (if  he  may  repeat  his  own  words)  to  contribute  towards  pre- 
venting the  "  ignorant  from  tampering  with  the  fick ;  towards  promoting  the  afcendancy 
"of  fcience  over  intrigue;  alluring  curiofity  from  the  pernicious  frivolities  of  literature, 
"  and  elevating  the  conceptions  of  men  to  the  level  of  their  higheft  interefts." 

As  the  whole  courfe  will  be  connected,  the  tickets  will  not  be  transferable— The  num- 
ber of  lectures  cannot  be  determined  beforehand — But  that  there  may  be  little  chance  of 
exciufion  by  reafon  of  narrow  circumftances,  the  fubfcriptign  is  fixed  at  One  Guinea— 
The  le&ures  will  be  calculated  for  both  fexes  and  different  ages — They  will  be  delivered 
in  the  evening,  and  commence  fometime  in  April  next— probably  near  the  middle  of  the 
month— provided  fifty  perfons  (hall  have  entered  their  names  by  the  31ft  of  March.  This 
condition  is  indifpenfable.  Without  a  tolerably  numerous  audience,  the  author  prefumes 
he  could  bellow  his  time  in  a  manner  more  advantageous  to  the  public. 

Subfcriptions  received  by  Mr.  Sheppard,  Bookfeller,  oppoftte  the  Exchange*  with  whom 
conditions  for  printing  a  Syllabus  may  be  feen. 

Rodney-Place,  Clifton,  March  3,  1800. 


Extra  ft  of  a  Letter  from  M.  Fahbroni  of  Florence*  to  Cit.  Van  Afotis,  on  the  Ethlops  oflrony 
the  Formation  of  Alcohol  and  Fermentation.  {An.  de  Chim.  XXX.  220.) 

Take  a  pound  of  iron  filings,  reduce  them  to  a  parte  with  water,  and  put  it  in  a  capfcule, 
or  what  is  dill  better,  a  glafs  matrafs,  kept  in  a  water  bath  at  about  50  or  60  degrees- 
(Reaumur).  Pour  on  it  gradually  one  or  two  ounces  of  aqua  fortis,  rather  diluted,  or  of 
nitrous  acid  very  much  diluted,  and  continue  ftirring  it  with  a  fpatula.  It  is  remarkable, 
that  it  undergoes  a  kind  of  effervefcence,  after  which  the  iron  is  changed  into  a  very  fine 
black  powder,  and  oxided  to  the  firft  degree  of  oxidation $  that  is  to  fay,  converted  into 
martial  ethiops.  The  operation  is  performed  in  lefs  than  half  an  hour.  If  the  mixture  be 
put  in  a  clofed  veflel,  and  not  (haken,  but  left  from  evening  till  the  next  day,  the  furface 
of  the  ethiops  is  found  to  be  covered  with  a  kind  of  champignons  extremely  white,  and 
feveral  lines  high,  which  are  nothing  but  volatile  alkali,  or  catbonate  of  ammoniac.  The 
air  in  the  veffel  is  in  this  laft  cafe,  compofed  in  a  large  portion  of  oxigenated  nitrous  gas. 
A  decompoGtion  here  takes  place  of  the  water  and  nitrous  acid,  both  at  the  fame  time,  by 
the  iron  which  feizes  their  oxygen,  in  order  to  become  converted  into  the  oxide ;  and  the 
component  parts  of  thefe  two  liquids,  that  is,  the  azote  and  hydrogen,  which  being  dif- 
engaged  at  the  fame  time,  meet  whilft  they  are  yet  in  a  (late  of  condenfation,  or  before 
they  have  taken  the  form  of  a  gas,  by  combining  are  transformed  into  ammoniac.    A  por» 

tion 
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tion  of  oxigen  appears  alfo  fo  be  precipitated  on  the  carbon  of  the  iron,  which  affords  the 
carbonic  acid,  and  cryftallifes  the  ammoniac,  by  faturating  it  as  it  is  formed. 

Chemlfts  in  general!  have  believed  and  advanced,  that  alcohol  is  the  produce  of  the 
vinous  fermentation.  I  am  affured  that  it  is  not  all  fo,  for  it  does  not  cxift  in  wine. .  I 
think  I  can  render  this  very  evident,  if  I  hare  a  method  by  which  I  can  recover  an  hun- 
dredth part  of  alcohol,  when  completely  mixed  with  ftrong  wine,  in  which,  by  the  fame 
method,  1  could  not  before  difcover  the  fmalleft  atom,  although  I  could  obtain  20  or  25 
of  brandy,  from  a  hundred  parts  by  diftillation,  Thefe  were  the  ftmple  means  by  which 
it  was  performed :  take  a  glafs  tube  of  fuflicient  fize  to  introduce  th?  finger,  and  divide  it 
into  an  hundred  equal  parts ;  take  freflt  wine,  with  which  you  have  mixed  one  hundredth 
.part  of  alcohol,  and  to  that  put  as  mueh  pot-aih  in  powder,  as  is  found  by  a  previous  ex- 
periment, to  be  neceffary  to  precipitate  the  refinous  coloring  refidue.  Then  drain  the 
wine,  and  pour  it  into  the  tube,  and  add  as  much  pot-afh  in  powder  as  is  required  to  fatu- 
ratc  it.  The  centime  of  alcohol,  which  had  been  mixed  with  the  wine,  will  then  be  feen 
to  rife,  and  fwim  diftinftly  on  the  Surface  of  the  alkaline  folution.  It  will  be  found  of  the» 
fafne  degree  of  ftrength,  and  in  the  fame  proportion  that  it  had  been  added,  if  the  Opera- 
tion is  performed  with  fufficient  quicknefs  to  avoid  loGng  any  thing  by  evaporation.  The 
previous  feparation  of  the  coloring  matter  ferves  merely  to  render  the  refult  more  percep- 
tible. Now,  if  by  this  means  I  procure  only  the  fame  quantity  of  alcohol  from  the  wine 
that  I  knew  it  c6ntained  before,  and  not  a  dtop  more,  it  appears  to  me,  I  have  a  right  to 
conclude,  that  that  which  I  obtain  from  the  fame  wine  by  diftillation,  did  not  exift  in  it 
bfcfore,  but  that  it  i6  the  operation  of  diftillation  which  foyms  it;  that  its  formation  is  de* 
termined  by  the  heat  j  and  laftly,  that  this  liquid  is  a  produ£k,  and  not  an  eduft  of  the 
diftillation  of  the  wine.  The  heat  neceflary  to  effe&  this  is  not  therefore  very  eonfiderable, 
fqr  it  is  formed  by  the  heat  of  die  fermentation,,  to  an  heat  of  diftillation  of  14  degrees, 
fuch  as  may  be  obtained  during  winter.  It  may  be  formed  in  bottles  by  thfe  Warmth  of  the 
atmofphere,  &c.  It  is  for  this  reafon,  that  I  have  recommended  new  wine  to  be  ufed  in 
my  experiment.  All  this  has  been  printed  in  my  Arte  difare  il  vino,  which  was  pubiifhed 
at  Florence  in  1788 ;  but  Italian  books  feldom  pafs  the  Alps.  The  anatomical  examination 
of  the  grape  precedes  the  chemical  part  in  this  work.  The  theory  of  fermentation  is  there 
found  explained  according  to  the  ancient  principles,  though'  at  that  epocha  I  had,  for  a 
eonfiderable  time,  renounced  the  phlogiftic  theory.  The  eflcntial  ingredients,  the  aftive 
and  palfive  principles,  that  is  to  fay,  of  fermentation,  are  there  deduced  from  experiment  1 
and  the  making  of  artificial  wine  is  the  confirmation  of  them.  The  work  is  concluded,  by 
expofing  die  chemical  means  neceflary  to  difcover  die  alteration  which  adulterated  wines 
undergo,  and  a  fummary  of  all  the  theories  of  fermentation  that  have  been  prefented,  to 
the  time  of  its  publication.  You  will  there,  perhaps,  find  a  phenomenon  which  contra- 
d\£ts  them  all,  and  which  is  very  remarkable.  It  is  that  the  accefs  of  air  is  not  eflential  to 
fermentation ;  for  I  have  excited  it  in  die  vacuum  of  Toricelli. 

Principles 
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Principles  of  modern  Chemiftry^  Jyftmatically  (arranged,  by  Dr.  Frederic  Charles  Gren,  late 
Prefeffbf  at  Halley  in  Saxony*  Tranjlated from  the  German^  with  Notes  and  Additions  con- 
cerning  late  Difcoveries9  by  the  Tranjlator,  and  fome  neceffary  Tables..  Illuftrated  by  Seven 
Plates.    In  two  Volumes,  O&avo,  964  Pages.    Price  16s.    Cadcll  and  Davies. 

The  chara&er'of  the  late  Dr.  Gren  a&a  chemical  philofopher  is  well  known)  as  is  like- 
wife  the  value  of  the  work  from  which  the  prefent  tr  an  flat  ion  is  made.  I  (hall!  therefore 
only  give  a  (hort  account  of  the  plan .  After  a  concife  hiftorical  introdu&ion,  the  author 
enters  upon  his  fubjeft,  which  he  divides  into  twelve;  chapters,  each  of  which  is  again  f un- 
divided into  heads  or  titles,  and  thofe  into  numerous  paragraphs  or  fe&ions.  The  firft 
treats  of  preliminary  or  general  obje&s,  and  the  operations  and  inftruments  of  chemiftry. 
2.  The  fimple  fubltances  and  procefs  of  combuftion.  3.  Salts  in  general*  4.  Earths. 
5.  Mineral  Acids.  6,  Conftituent  parts  of  vegetables.  7.  Of  animal  fubltances.  8. 
Spontaneous  changes  in  the  mixture  of  organic  bodies,  fermentation,  &c.  9.  Bitumens* 
jo.  Mineral  coal.  11.  Metals.  To  thefe  the  tranflator,  beficjes  many  ufeful  notes  and 
additions  through  the  work,  has  added  an  appendix,  containing  the  do&rine  and  tables  of 
chemical  attra&ion,  the  chemical  chara£ters  of  Haflenfratz  and  Adet,  fpecific  gravities, 
comparison  of  thermometers,  of  weights  and  meafures,  together  with  an  index  to  the 
whole, 


The  Chemical  Pocket  Booh,  or  Memoranda  Chemica%  arranged  in  a  Compendium  of  Chemiftry^ 
according  to  the  lot  eft  DifcOveries,  with  Bergman* s  Table  of  Jingle  eUtlive  jlttraBionSj  as  im- 
proved by  Dr.  G.  Pear/on.  Calculated  as  well  as  for  the  occaftonal  Reference  of  the  profejjionat 
Student  as  to  fttpply  others  with  a  general  Knowledge  of  Chemiftry.  By  James  Parhinfon. 
Small  Twelves,  229  Pages.    Price  53.    Symonds. 

This  is  a  very  good  compendium.  By  ufing  the  fmall  type,  called  burgeois,  the  author 
has  contrived  to  give  nearly  the  fame  quantity  of  matter  in  the  pages  of  his  little  pocket 
volume  as  is  ufually  contained  in  an  o£tavo  page.  The  greater  merit,  however,  confifts 
in  the  induftry  he  has  exerted  in  colle&ing  the  numerous  particulars  of  modern  chemiftry 
from  the  moft  authentic  fources,  and  condenfing  them  with  a  degree  of  neatnefs  and 
perfpicuity  which  will  render  his  book  equally  ufeful  as  a  manual  of  fcience  to  the  phi- 
lofopher and  the  ftudent.  He  quotes  his  authorities  much  more  frequently  than  is  the 
modem  cuftom ;  but  it  will  greatly  add  to  the  value  of  his  book  if  in  a  future  edition 
he  (hould  refer  in  all  places  by  the  real  title  and  page  to  every  author  of  eminence  to 
whom  he  might  wifh  to  refer  his  reader* 


Royal 
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Royal  Inflitution  of  Great  Britain; 

A  courfe  of  philofophical  and  chemical  le&ures  is  at  prefeat  delivered  at  the  houfe  of 
the  Royal  Inflitution  by  Dr.  Garnett,  which  are  received  with  the  rood  marked  attention 
by  an  audience  of  the  firft  re  fpeft  ability.  The  ordinances,  bye  laws,  and  regulations  of 
this  edabliftiment  have  likewife  been  printed.  They  con G ft,  for  the  mod  part,  of  a  de- 
velopement  and  organization  of  the  fubje&s  contained  in  their  profpefl us  of  lad  year. 
The  managers  are  charged  to  ere£t  a  laboratory  and  theatre  for  leftures,  and  to  appoint 
profeflbrs.  They  ele&  all  the  fubfcribers.  Proprietors  are  to  be  propofed  as  candidates 
by  a  manager,  and  ele&ed  at  the  fubfequent  monthly  meeting  by  a  majority  of  two-thirds, 
and  the  fum  to  be  paid  will  be  6ol.  after  May,  1800; — 70L  after  May,  1801 ;— 80K  after 
May,  1802 ;— 90I.  after  May,  1803;  anc*  IO°^  a^ter  May,  1804.  Subfcribers  for  life,  or 
annual,  mult  be  propofed  by  a  manager,  and  ele&ed  at  the  fubfequent  weekly  meeting. 
Ladies  for  thefe  two  clafles  are  admitted  by  recommendation  of  certain  ladies  intruded  by 
the  managers  to  hold  books  for  that  purpofe.  I  do  not  find  any  fpccific  mention  of  the 
fums  to  be  paid  by  life  and  annual  fubfcribers;  but  upon  enquiry  at  the  houfe,  I  am 
informed,  that  on  Friday  the  7th  of  this  month,  the  fum  for  the  former  clafs  was  raifed 
from  ten  to  twenty  guineas,  and  for  the  latter  from  two  to  three  guineas.  Whether  the 
managers  of  this  great  eftabliftiment  have  {hewn  a  laudable  partiality  to  their  own  clafs  by 
giving  them  five  regular  notices  of  the  advances  they  are  to  pay,  while  die  the  reft  of  the 
public  is  called  upon  without  ceremony  for  augmentation  of  fifty  and  one  hundred 
per  cent,  may  perhaps  be  queftioned. 
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ARTICLE    I. 

On  the  different  Effe8s  of  the  Alkalis   in  the  ProduBion  of  Alum.     By  Profejfor 

Hildebrandt,  of  Erlangen*. 

XT  is  a  known  fa&,  in  the  ufual  preparation  or  extraflion  of  alum,  that  pot-afh,  or  urine, 
is  added  to  'the  firft  folution,  which  is  procured  by  lixiviating  the  roaftcd  and  weathered 
aluminous  ores.  Bergman  f ,  bqing  of  opinion  that  thefe  additions  tended  only  to  faturate 
the  fuperabundant  acid  of  the  lye  by  which  the  cryftallization  of  the  fait  is  impeded,  has 
advifed  to  add  pure  aluminous  earth,  or  argil,  inftead  of  the  preceding  fubftances,  on  the 
fuppofition  that  thofe  additions  do  contaminate  the  alum  with  foreign  falts  ;  while,  on  the 
contrary,  pure  alumine  would  not  only  faturate  the  fuperfluous  acid,  but  increafe  the 
quantity  of  the  fulphate  of  alumine.  Proftjfbr  Lampadiui\y  who  adopted  the  fame  opi- 
nion, tried  by  experiments,  according  to  Bergman's  idea,  whether  he  could  not  render 
1 

•  Tranflated  from  Dr.  Schcrers  (now  Profcflbr  at  Halle  in  Saxony)  Chemical  Journal,  Vol.  II. 
pag.  419. 

t  "Bergman^  de  eonfcfiione  aluminu9  $  //.  Opufi,  Cbem.  et  Pbyf.  L  Lipf.  178S.  too.  pag.  308.  Quum 
autcm  argil  la  pura  bairn  aluminis  conftituat,  excedens  lixivii  acidum  nullo  alio  modo  melius,  quam  ea 
donatur,  quae  fuperfhium  acidum  non  tantum  aufert,  fed  etiam  falis  qusefiti  copiam  auget. 

J  Lampadius,  pra&.  chemifche  Abhandlungen  I.  Drefden  17959  §  14. 
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the  addition  of  pot-atyi  or  urine  unneceflary,  and  with  this  view  he  had,  in  the  alum* works 
of  Lederbur  at  Weifgrun,  added  to  the  crude  lye  fome  white  argil,  dug  up  near  the  village 
Chotta.  ^  '  ' 

The  fuperabundant  acid  here  fpoken  of,  is  not  that  portion  which  is  effential  to  the  alum, 
the  add  in  this  fait  being  never  fully  faturated  with  argil;  but  that  quantity  only  is  meant, 
which  may  happen  to  be  prefent  in  the  lye  as  foreign,  or  not  belonging  to  the  compofition 
of  alum,  as  is  the  cafe,  when  the  aluminous  ore  is  too  abundant  in  fulphur,  or  when  a 
fofficicnt  portion  of  its  argillaceous  part  has  not  been  combined  with  the  fulphuric  acid 
generated  in  the  procefs* 

•  If  we  admit  that  the  crude  lixivium  of  alum  does  really  contain  an  excefs  of  acid,  and 
that  it  is  this  only  which  impedes  the  cryftallization  of  the  fait,  the  addition  of  argil  feems 
much  more  proper,  than  that  of  either  pot-afh  or  urine;  becaufe  more  alum  mud  be  ob- 
tained by  the  former,  while  the  latter  affords  fulphate  of  pot-afh  or  ammoniac,  which 
diminifh  the  purity  of  the  product. 

But  Afarggrqf*  has  long  ago  obferved,  that  the  fulphate  of  alumine  cannot  be  generated 
from  argil  and  fulphuric  acid  alone,  and  that  an  alkaline  fait  is  one  of  its  eflential  ingre- 
dients. To  prove  this  fad,  I  have  feveral  times  diflblved  fome  aluminous  earth  (that  had 
been  precipitated  from  Roman  alum  by  means  of  pot-afh,  and  properly  edulcorated)  in 
fulphuric  acid  carefully  re&ified,  and  attempted  to  cryftallize  the  deaf  filtered  lye,  by 
evaporation  and  cooling.  But  I  never  obtained  the  leaft  appearance  of  cryftallized  alum. 
The  mixture  confifting  of  argil  and  fulphuric  acid,  rather  in  excefs,  is  more  foluble  in 
water  than  true  alum :  fo  that  two  parts  of  water  -at  a  temperature  of  500  Fahrenheit,'  are 
fufieicnt  to  diflblve  tone  part  of  that  mafs,  merely  dried  without  ignition;  whereas  the 
alum  requires  at  the  fame  temperature,  35,  or  more  parts  of  water,  to  diflblve  it.  Evea 
after  that  lye  had  been  reduced  by  evaporation  to  a  much  fmaller  compafs,  than  a  lixivium 
•f  true  alum  would  admit  of  without  cryftallizlng,  it  continued  liquid,  though  expofed  to 
a  freezing  cold.  On  evaporating  it  ftill  farther,  and  by  fubfequent  cooling,  it  affords  in- 
deed a  compa&  mafs,  but  without  any  determinate  figure,  which  occupies  the  bottom  of 
the  veffel  in  the  form  of  a  dried  jelly.  It  was  but  fcldom  that,  in  a  certain  degree  of  the 
evaporation,  I  could  perceive  a  kind  of .  cryftallization  in  groups;  but  there  was  no  ap- 
pearance of  fuch  hard  o&ahcdral  cryftals,  as  prefent  themfelves  in  a  folution  of  true  alum* 
containing  upwards  of  twenty  parts  of  water  to  one  of  fait  diflblved.  in  it  f. 

If,  on  the  contrary,  to  the  above  folution  of  argil  in  fulphuric  acid*  a  fmall  quantity  of 
vegetable  alkali  only  be  added,  and  it  be  then  evaporated  and  left  to  cool>  regular  cryftals 
of  alum  will  be  obtained  at  each  fubfequent  refrigeration. 

*  Marggraf,  Chim.  Schriften.  I.  Berlin,  1768.  S.  196. 

t  Mdrggrqf,  however,  obferved  that  when  the  argil  was  ftrongly  calcined,  it.  afforded  fome  cryftalt, 
with  the  fulphuric  acid*  which  refembled  thofe  of  alum,  but  were  not  fo  line  as  thole  obtained  by  the  ad- 
dition of  an  alkaline  lye.    I  wi(h  he  had  ftited  this  more  accurately.    But,  as  my  prefent  object  was  to, 
•/certain,  which  of  the  alkalis  may  be  moft  fuitablc  to  the  generation  of  alum,  I  have  not  yet  repeated, 
that  experiment. 
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.  In  order  to  difcover  the  proportion  of  the  alumine  to  the  fulphuric  acid,  nothing  more  it 
required,  than  to  combine  as  much  of  the  earth  with  the  acid,  as  it  will  diflblve  in  the 
common  temperature  (from  50°  to  6o°  Fahrenheit).  An  excefs  of  the  acid  will,  in  that 
cafe  always  remain,  as  (hewn  by  the  tdl  of  Litmus. .  For  at  that  temperature  the  add  does 

•  not  take  up  fo  much  of  the  argil  as  to  become  neutralized.  The  folution  muft,,  however* 
be  left  (landing  long  enough  (24  hours)  upon  the  remaining  undiflblved  part  of  the  earth* 
becaufe  the  argil  is  dhTohred  much  more  (lowly  by  this  afcid,  than  the  calcareous  and  mag» 
ncfian  earths. 

-  In  order  to  difcover  the  due  proportion  of  pot-afh  in  this  procefs,  Marggraf  direfts  us 
to  continue  adding  gradually  of  the  alkaline  lye  by  drops,  till  a  light  pulverulent  precipitate 
(that  is  to  fay,  precipitated  argil)  appears.  In  the  following  experiments  I  added  fo  much 
alkali,  whether  pot-afh,  or  either  of  the  other  two,  that  (the  quantity  of  diflblved  pure 
alumine  being  half  an  ounce)  there  remained  a  fufficiently  perceptible  quantity  of  preci- 
pitated earth,  though  very  fraall  in  proportion  to  the  whole.  For,  it  is  to  be  obferved, 
that  the  very  firft  drops  of  the  alkaline  lixivium,  if  neither  itfelf  nor  the  folution  of  the 

-  earth  be  too  weak,  produce  a  turbidnefs;  but  this  firft  precipitate  is  re-diffolved  in  the  ex* 
cefs  of  the  acid  prefent.  I  am  much  inclined  to  fuppofe,  that  it  may  be  immaterial  to 
determine  the  precife  quantity  of  alkali,  becaufe  I  have  conftandy  obtained  alum  by  the 
addition  of  pot-afh,  notwithftanding  that  in  fome  initances  I  added  more  of  it,  and  in 
others  lefs. 

To  afcertain  the  regular  form  of  the  cryftals  of  alum,  one  or  more  threads  fhould  be 
hung  into  the  lye,  in  order  that  perfeft,  or  nearly  perfect  o&ahedrons  may  be  formed 

.round  them ;  for  thofe  cryftals  which  are  formed  at  the  bottom,  or  on  the  fides-of  the 
veflel,  are  always  defective,  in  one  or  more  of  their  angles. 

Having  decided  from  thefe  experiments,  that  a  fmall  portion  of  alkali  is  effentially  re* 
quiGteio  the  produ&ioh  of  falphate  of  alumine,  I  mentioned  the  fa&  in  the  advertifement 
of  Prrfl  Lampadius's  Chemical  Bflays.  It  cannot  be  denied,  but  that  in  one  of  his  experi* 
ments  *  he  has  obtained  alum,  from  mere  argil  and  fulphuric  acid,  without  the  addition  of 
either  pot-afh  or  urine  :  but  not  to  mention,  that  the  quantity  of  alum  obtained  by  the  faid 
procefs  was  indeed  exceeding  fmall,  in  proportion  to  what  has  been  produced  on  adding 
pot-afh  or  urine,  it  is  probable,  that  as  much  vegetable  ^alkali  as  was  fuJficient  for  the  for- 
mation of  that  fmall  portion  of  alum  may  have  entered  into  the  crude  lixivium,  from  the 
aflies  of  the  wood  employed  in  the  roafting  of  the  aluminous  ore,  and  of  which  a  greater  or 
fefs  portion  is  unavoidably  mixed,  with  the  roafted  mineral.  Or  that  alkali  may  adtually 
have  pre-exifted  in  the  ore ;  (or  if  not,  at  kail  the  nitrogen  and  hydrogen*  from  which  the 
alkali  was  generated,  may  have  been  prefent.)    Profejfl  Klaprotb  f  has  difcovered  pot-afh  in 

*  LampaJius,  loc.  cit.  pag.  16. 

f  Klaprotb  difcovered  in  the  native  alum  from  Mifeno  fo  Urge  a  proportion  of  pot-afh,  that  1000  grains 
of  it  afforded  470  grains  of  cryftaJlized  alum,  and  in  thefe  17  grains  of  fulphate  of  pot*am.  {fieytrage 
xur  Keninifs  der  Mineral  Koerfer.  I.  Berlin,  1795.  deile  113.) 
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the  native  alum  from  Aftfeno.  Only  one  part  of  its  aqueous  folution  would  cryftijUize-into 
genuine  alum,  in  which  alfo  he  traced  out  the  alkali ;  the  remaining  portion  of  the  lye 
yielded  no  alum  fpontaneoufly,  but  only  when  a  little  pot-afh  had  been  fuperadded. 
Bergman  *  likewifc,  found  that  alkali  in  the  artificial  alum,  even  in  the  Roman ;  and  Prof, 
Lampadius  t  himfelf  conGders  it  at  prefent  as  an  eflential  principle  of  alum,  in  confequence 
of  having  found  it  in  four  different  fpecies  of  fa&itious  alum  :  namely,  thofe  from  Com- 
matin  and  Weifsgrun  in  Bohemia)  and  thofe  from  Reichen&acb,  and  from  the  Schwemfal  in 
Saxony. 

On  confidering  the  {hare,  which  the  vegetable  alkali  has  in  the  production  of  alum,  the 
queftion  naturally  arifes :  whether  potafb  alone,  ox  foda  like  wife,  as  well  as  ammoniac  >  are 
capable, of  combining  with  fulphuric  acid  and  argillaceous  earth  into  alum  %  ? 

The  aptitude  of  volatile  alkali  to  enter  into  fuch  union,  feems  to  be  deducible  from  the 
circumftance,  that,  in  fome  alum-works,  urine  only  and  no  pot-afh  is  employed.  How- 
ever, as  I  have  already  obferved  in  another  refpe&,  it  is  not  impoflible  but  that  a  quantity 
of  vegetable  alkali  may  be  afforded  by  afhes  formed  in  the  roafting  of  the  alum-ore,  fuffi- 
cient  to  complete  the  alum* 

The  alkaline  portion  of  the  alum  may  be  afcertained  in  three  different  ways  by  analyfis. 

i.  Let  the  argil  be  thrown  down  from  a  watery  folution  of  alum  by  means  of  ammoniac ; 
caufe  then  the  fait  contained  in  the  clear  decanted  lixivium  to  cryftallize,  and  fubfequent 
to  this  expofe  it  to  a  fubliming  heat.  In  this  procefs,  the  fulphate  of  ammoniac  fublimes, 
but  the fixed  fulphate  ofpot-a/h,  if  any  has  been  in  the  alum,  remains  behind  it  in  a  compa£t 
form.    This  method  difcovers  the  prefence  of  fixed  alkali  only. 

2.  To  a  boiling  hot  aqueous  folution  of  alum,  add  carbonate  of  lime.  By  this  manage- 
ment the  fulphate  of  argil  is  decompofed,  and  the  lime  is  converted  into  gypfum ;  at  the 
fame  time  that  the  fulphate  of  pot-afh,  if  any  was  prefent,  remains  unaltered.  This  lad 
would  likewtfe  be  decompofed  by  cauftic  or  pure  lime ;  but  it  is  well  known  that  the  crude 
calcareous  earth,  on  account  of  its  flrong  attra&ion  for  carbonic  acid,  has  no  fuch  power 
on  fulphate  of  pot-afh.  What  quantity  of  crude  lime  may  bcvneceflary  to  accompHfh  that 
decompofition,  may  in  fome  manner  be  determined,  by  the  known  proportions  of  argil  to 
fulphuric  acid  in  alum,  as  well  as  by  the  proportion  of  calcareous  earth  to  the  fame  acid  in 
gypfum,  and  laftly  that  of  crude  lime  to  carbonic  acid  in  carbonate  of  lime.  However,  as 
this  determination  is  fubje£t  to  fome  difficulties,  it  will  be  fufficient  to  be  attentive  to  the 
effervescence  of  the  lime,  and  according  to  this  effect,  to  add  rather  too  much  than  too 

* 

little)  becaufe  the  redundant  calcareous  earth  falls  down,  unchanged,  together  with  the 

*  Bergman,  cit.  §77,  page  307.    Yet  he  fays  :  band  raro% 

•f  Lampadius,  Pra&.  China.  Abbandlungen  II.  1797.  S.  n*. 

t  Marggraf  (cit.  loc.  page  1 96)  fays  only,  that  the  addition  of  fixed  alkali  is  neceflary.— Lampadius 
(cit.  p.  230)  has  not  yet  given  any  refultsof  his  experiments,  made  with  the  mineral  and  volatile,  alkali.— 
Bergman  (cit.  307.)  fays :  ctyftaUizationis  obftaculum  alcati  volatili  aque  tollitur,  non  vero  alcati  miner  all 
et  cake $  yet  without  relating  any  experiment. 
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precipitated  argillaceous  earth,  from  which  it  may  be  feparated  by  the  known  methods,  if 
it  (hould  be  required  to  afcertain  the  quantity  of  the  argil.  A  certain  portion  of  the  ful- 
phate  of  lime,  thus  produced,  is  likewife  precipitated  at  the  fame  time,  and  in  greater 
quantity,  the  tefs  water  there  is  in  the  folution.  The  remainder  of  -the  gypfum  continues 
diflblved  in  that  fluid.  Let  the  liquor  be  carefully  poured  off  from  the  precipitate,  and 
let  this  laft  be  edulcorated  with  a  fufficient  quantity  of  boiling  water  ;  let  the  wafhings  be 
added  to  the  fluid  at  firft  decanted $  and  the  whole  of  the  fluid  be.  gradually  evaporated, 
and  left  to  cool,  by  alternations.  By  this  management  the  gypfum  will  by  degrees  be  fepa- 
rated, and  afterwards  the  fulphate  of  alkali,  which  was  an  ingredient  into  the  alum, 
whether  it  has  been  pot-afh,  or  ammoniac.  The  fulphate  of  lime  will  fall  firft,  becaufe 
moil  difficultly  foluble  ;  the  fulphate  of  pot-afh  will  be  the  next  in  order;  and,  laftly,  the 
ammoniac,  being  the  moil  foluble  of  all.  If  at  the  fame  time  the  alum  under  examination 
has  contained  a  portion  of  fulphate  of  foda  *,  it  will  be  more  difficult  to  feparate  this  from 
the  fulphate  of  ammoniac,  becaufe  it  is  alfo  very  foluble.  But  it  will  prefently  be  fhewn, 
that  no  foda  is  contained  in  alum. 

3,  Pour  into  a  faturated  folution  of  alum,  in  fix  times  its  quantity  of  water  (heated  to 
about  1200  Farenh.)  a  faturated  folution  of  acetate  of  lead.  Sulphate  of  lead  will  be  pro- 
duced, which  falls  down  ;  and  alfo,  the  acetate  of  alumine  as  well  as  the  acetate  of  pot-afh 
(or  of  ammoniac),  which,  being  readily  foluble,  remain  diflblved  in  the  water.  The 
fupernatant  fluid  muft  then  be  decanted  from  the  fulphate  of  lead,  and  fubje&ed  to  eva- 
poration, until  it  beomes  turbid ;  for  by  this  means  a  little  of  the  metallic  fulphate,  that  was 
ftill  held  in  folution  by  the  water,  is  thrown  down.  When  the  fluid  has  been  a  fecond 
time  filtered,  it  muft  be  evaporated  to  drynefs.  The  dry  refiduum  confifts  of  acetated  argil 
and  acetated  pot-afh.  And  if  it  be  then  ignited,  the  acetic  acid,  together  with  the  am- 
moniac, if  prefent,  will  be  volatilized.  Water  muft  now  be  poured  upon  the  refidue; 
•which,  if  only  ammoniac  has  entered  into  that  compound,  extracts  nothing  from  it,  by 
reafon  of  the  volatilization  of  this  alkali,  and  of  the  infolubility  of  aluminous  earth  in 
water.  But  if  a  portion  of  vegetable  alkali  was  contained  in  it,  it  is  on  account  of  its 
fixity,  left  behind  in  the  argil*  and  will  be  diflblved  in  the  water..  The  alkali  receives 
fome  carbonic  acid  .from  the  deftru&ion  of  the  acetic,  but  is  ftill  far  from  being  faturated 
with  it ;  and  hence  a  part  of  the  argil  will  be  diflblved  along  with  it  by  the  water.  The 
earth  muft,  in  that  cafe,  be  precipitated,  by  faturating  the  folution  with  carbonic  acid,  or 
letting  it  ftand  for  a  long  time  in  open  veflels,  flightly  covered.. 

Analytical  experiments  alone  are,  neverthelefs,  inefficient  to  decide  with  certainty,, 
whether  all  the  three  alkalis,  or  only  one,  or  two,  of  them  are  by  their  acceffion  capable  of 
producing  alum ;  and  therefore  our  arguments  cannqt  yet  reft  on  a  complete  induction. 
For,  fuppofing  I  had  decomposed  artificial  as  well  as  native  alum  in  a  thou  fa nd  different 

ways,  and  had. found  no  foda  in  it,  I  cannot  fairly  conclude  that  the  mineral  alkali  is 

< 

*  I  need  not  here  obferve,  that  falq  of  more  difficult  fallibility  are,, for  the  moft  part,  (though  not  per- 
fectly) feparated  by  the  gradual  and  fucceflive  diminution  of  the  water,. and  cryftallization. 

unfit 
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unfit  for  the  produfiioh  of  alum.  Not  to  mention  the  few  (Jjcie*  of  alum,  which  I  \izrt 
examined,  I  Ihould  not  choofe  to  draw  fuch  an  inference  from  the  tefults  I  did  obtain 
from  them. 

Synthetical  experiments,  on  the  contrary,  t  am  perfuaded,  ought  to  decide  in  this  cafe. 
And  by  thefe,  (although  Marggraf  mentions,  in  a  general  way  only,  the  pot-afh  as  a 
necefiary  requifitt  to  the  generation  of  fulphate  of  alumine,  without  excluding  the  foda) 
I  have  until  the  prefeht  moment  been  convinced,  that  the  combination  of  foda  with 
fulphuric  acid  and  argil  dots  Hot  yield  any  atum>  I  mean  that  very  fait,  which  is  known  by 
that  name ;  but  that  it  is  generated  by  the  addition  of  pot-afli. 

I  employed,  in  riiy  experiments,  native  foda  (natrum)  from  Hungary,  purified  in  & 
high  degree.  It  was  this  purity  that  induced  me  to  inftitute  thofc  experiments.  And  to 
allure  myfelf  that  no  portion  of  pot-afh  did  interfere,  I  have  precipitated  the  Argil  from 
Roman  alum,  not  by  means  of  pot-afh,  but  by  foda.  If,  therefore,  fomewhat  of  thfc 
neutral  fulphate,  generated  by  the  precipitation,  had  remained  in  the  earth  after  it  was 
edulcorated,  it  mult  neceflarily  have  been  fulphate  of  foda. 

The  precipitated  alumine  was  then  properly  wafhcd';  and  I  thought  it  fteedlefs  to 
free  it,  according  tp  Richtery  {rota  the  adhering  fulphuric  acid,  the  prefence  of  which  was 
not  detrimental  in  this  inftatice.  I  then  difiblved  it  in  purified  fulphuric  acid,  in  cxcefs, 
fo  that  the  folution  reddened  litmus-paper  dipped  in  it.  As  I  have  akeady  obfetved,  the 
due  proportion  of  the  earth  to  the  acid  is  found  of  itfelf,  by  permitting  the  acid,  moderately 
diluted,  to  diflblve  as  much  of  the  earth  a£  it  can  in  a  low  temperature.  When  I  ttfttr-* 
wards  added  to  the  filterid  folution  fucceffive  portions  of  diflblved  carbonate  of  foda,  till 
part  of  the  alumine  itfelf  began  to  precipitate,  I  filtered  the  folution  once  more>  and  began 
to  attempt  the  ciyftallization  of  the  fait,  by  gradually  repeated  evaporation  and  alternate 
cooling. 

But  in  hone  of  thefe  inftances  did  t  obtain  alum ;  but  rather  a  very  fihtble  fiik,  altogether 
Aijferent  in  its  firm.  This  combination  is  of  fb  eafy  folution,  that  I  might  Ut  firfttafe 
repeatedly  fufpc&ed  an  accidental  tranfpofition  of  my  evaporating  difhes,  if  I  had  not  tfeen 
fure  of  the  contrary,  by  the  fmall  quantity  of  the  refidual  liquor,  and  its  refufing  to 
cryftaHize.  That  great  folubility  agrees  very  well  with  that  of  Glauber's  fait  {fulphate  of  foda) 
as  vice  'verfdf  the  difficult  folution  of  alum  correfponds  with  that  fulphate  of  pot^aft.  "When, 
in  one  of  my  Experiments,  I  added  juft  fo  much  of  foda,  that  the  lixiviufcfe  began  to  acquire 
a  permanent  cloudinefs  (owing  to  the  argillaceous  particles  firft  precipitated,  tfrtd  Which  ate 
rediAblved  by  the  redundant  acid,  if  the  fluid  be  agitated,  and  thus  the  earthy  particles  be 
brought  info  c6nta£fc  *  With  its  not  yet  alkalized  part),  there  refulted  from  its  farther 
evaporation  and  cooling  forte  minute,  fingle,  fliort  needled  cryftals,  refembKng  thofe  of 
gypfum.  Thefe,  however,  merely  contained  aluminpus,  and  no  calcareous  fcarth ;  for 
they  readily  diflblved  in  water ;  the  oxalic  acid  precipitated  nothing  from  their  folution  *  pure 

*  The  earthy  particles  newly  precipitated  are,  ih  general,  mdre  folable,  Hum  thofe  of  a  longer  fttndiag  and 
deficcated  j  becauft  the  former  are  fiibtilely  divided,  and  moiftened  throujgh  the  whole  of  their  ttiaft. 
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(cauftic)  ammoniac,  on  the  contrary,  threw  down  the  argillaceous  earth  they  contained. 
And  when  the  lye  was  ftill  farther  evaporated,  it  coalefced  upon  refrigeration  into  a 
coherent  feline  mafs,  in  which,  however,  the  needle-ftaped  texture  could  be  diftingqtfbed, 
In  another  experiment,  in  which  I  added  a  little  more  of  (the  fame)  foda  in  fuch  proportion 
that  the  quantity  of  precipitated  argil  became  fomewhat  more  confiderablc,  I  obtained  by 
evaporating  the  filtered  lixivium  to  a  fmall  remainder,  and  as  it  cooled,  longifli,  flat,  tabular 
fix-fided  cryftals*  (that  is,  very  low  hexagonal  prifms,  with  broad  ends  and  very  low  lateral, 
facets,  the  two  oppofite  ones  of  which  were  longer,  and  the  other  four  (horter.)  After  the 
mother-water,  which  in  proportion  to  the  clofely  grouped  cryftals  was  but  (mall  in  quantity, 
had  been  decanted,  and  the  cryftals  wafhed  with  a  little  cold  water,  I  attempted  to  take  them 
out  of  the  veflfel  by  means  of  a  filver  fpoon  ;  but  they  were  toafoft,  and  were  immediately 
compreffed.  Cold  water  (at  6oQ  Farerih.)  eafily  and  quickly  diffolved  them  ;  I  have  not 
yet  determined  the  quantity  required  for  that  purpofe ;  but  certainly  no  more  than  three 
parts  are  necefliry  for  one  of  the  fait.  The  folution  tafted  like  that  of  alum;  it  gave  to 
paper,  ftained  with  litmus,  of  a  faint  red ;  (the  undiminiihed  folution,  before  the  (hooting 
of  the  cryftals,  afforded  a  ftronger  red) ;  whence  it  follows,  that  there  was  a  fmaller  pro- 
portion of  the  acid  in  the  cryftallized  fait  than  in  the  whole  fluid. 

My  attempts  to  produce  alum  by  the  acid  of  foda,  being  thus  fruftrated,  I  doubted  very 
much  whether  ammoniac,  the  properties  of  which  is  far  Ids  analogous  to  thofe  of  pot-afh, 
than  the  properties  of  foda,  would  ferve  to  produce  alum,  by  combination  with  fulphuric 
acid  and  argillaceous  earth.  However,  experience  teaches  that  in  this  as  well  as  in. 
various  other  cafes,  reafonings  from  analogy  prove  very  often  incorre&,  when  reforted  to 
in  our  enquiries  into  nature.  Precipitate  the  argil  from  an  aqueous  folution  of  Roman 
alum,  by  means  of  ammoniac,  wift  the  precipitate  well;  diflblve  it  then  in  pure  fulphuric 
acid,  in  the  manner  pointed  out  above  ;  and  then  continue  adding  ammoniac  (either  car- 
bonated or  cauftic)  by  degrees,  until  the  fohirion  begins  to  aflume  a  permanent  turbidnefs. 
Let  the  whole  then  be  reduced  by  evaporation  fo  much,  that  for  one  part  of  the  diffolved  fait 
(the  quantity  of  which  may  be  ascertained  by  the  quantity  of  alum  employed  at  the 
beginning  of  the  procefs)  there  (hall  remain  from  fix  to  eight  parts  of  water*  As  this  lye 
cools,  a  fait  will  cryftallize,  which,  with  refpeft  to  its  o&ahedral  form,  (in  the  beft  way  to 
be  perceived  around  the  threads  hung  into  the  liquid)  to  the  folidity  and  hardnefs  of  its 
cryftals,  and  to  its  difficult  folubility,  &c.  perfedly  agrees  with  the  alum,  which- is  formed: 
by  means  of  pot-a<h  *• 
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HE  fuppofitions  which  thefe  gentlemen  have  thus  advanced,  and  have  ferioufly  main* 
tained  in  various  parts  of  their  works,  have  arifen  in  both  from  the  belief,  that,  in  our 
fires,  nothing  but  glafs  can*  be  produced  from  a  lava  after  complete  fufion.  This  being 
taken  for  granted,  it  would  certainly  be  very  difficult  to  explain  the  phenomena  of  aftual 
eruptions,  by  means  of  the  known  agents  of  nature.  Recourfe  has  therefore  been  had, 
by  .one  of  thefe  gentlemen,  to  a  hypothetical  modification  of  thefe  agents ;  and  by  the 
other  to  the  influence  of  fubftances,  which  have  left  behind  them  no  trace  of  their 
exiftencef,  and  which,  had  they  been  prefent,  could  not  have  produced  the  effe&s 
afcribed  to  them. 

According  to  both  fuppofitions,  the  heat  of  volcanos  is  conceived  to  be  of  very  little 
intenfity ;  but  the  few  obfervations  I  had  occafion  to  make,  which  are  confirmed  by  in- 
numerable fa&s  related  by  travellers,  convince  me  that  it  mull  far  exceed  what  is  requifite 
for  the  moft  perfeft  fufion  of  the  lavas,  and  of  all  the  fubftances  contained  in  them  t ;  and 
the  experiments  already  defcribed  fuperfede  the  neceflity  of  fuppofing  any  thing  different 
from  the  common  courfe  of  nature  \  for  they  afford,  analogically,  an  eafy  folution  of  the 
difficulty,  by  fliowing  that  glafs  is  not  the  only  refult  of  fufion,  and  that  whin,  a  fubftance 
like  lava,  when  cooled  {lowly  after  fufion,  refumes  its  ftony  character.  But,  not  content 
with  analogy  alone,  I  refolved  to  afcertain  the  truth  of  thefe  conclusions  in  a  direct  man- 
ner, and  performed  the  following  experiments  with  fpecimens  of  fix  different  lavas,  four 
of  which,  to  my  certain  knowledge,  had  made  part  of  external  volcanic  currents.  In  the 
prefent  ftate  of  geology,  too  much,  pains  cannot  be  bellowed  in  ascertaining  that  the 
fpecimens  collected  are  really  lavas,  fince  this  circumftance  has  been  frequently  over- 
looked, as  I  (hall  endeavour  to  (hew,  when  I  fpeak  of  the  differences  between  them  and 
whinftone. 

♦  It  ought  to  have  been  noticed  in  the  I  aft  Number  that  this  paper  is  inferted  in  the  Edinburgh  Tranf- 
aftions,  though,  by  fome  culpable  negleft,  the  copies  of  that  work  have  not  yet  reached  London.     N. 

f  None  of  the  lavas  I  have  feen  contained  the  fmalleft  veftige  of  petroleum ;  nor  did  I  meet  with  any 
fulphur  but  what  was  evidently  produced  by  the  condenfation  of  vapours,  riling  through  crevices,  long  after 
the  eruptions  had  ccafed. 

J  I  conceive,  therefore,  that  the  formation  of  the  infulated  fubftances  contained  in  lavas,  as  well  as  the 
other  peculiarities  of  internal  ftru&urc,  potfefled  by  lavas  in  common  with  granite  and  bafaltes,  mull  be 
afcribed  in  all  of  them  to  cryftallization  during  (low  cooling  after  fufion,  as  I  had  dated  formerly  in  Spring 
*79°»  (franf.  Edin.  vol.  Ill,)  The  year  following,  Dr.  fieddoes  prefented  to  the  Royal  Society  of  Lon- 
don a  paper,  in  which  he  alfo  explains  the  character  of  granite  and  bafaltes  by  cryftallization,  in  confequenct 
of  flow  cooling. 
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No.  I.     Lava  of  Catania, 

This  is  the  celebrated  lava,  which)  in  1 669,  laid  wade  great  part  of  the  town  of  Catania. 
The  interior  part  of  the  current  (accurately  defcribed  by  M.  Dolomicu,  IJlet  Ponce^ 
p.  256  *),  from  which  the  fubje&  of  our  experiment  was  taken,  confifts  of  a  light  grey 
bafis,  interfperfcd  with  cryftals  of  felfpar  and  of  fchorl,  (augit).  It  bears  a  general  re- 
femblance  to  the  rock  of  the  bafaltic  columns  on  Arthur's  Seat,  and  exhibited  the  fame. 
'  phenomena  in  our  experiments.  After  ftrong  heat,  the  whole  was  reduced,  by  rapid  cool* 
ing,  to  pure  black  glafs  ;  but  when  the  heat  applied  was  moderate,  the  felfpars  remained 
unchanged.  Being  maintained,  after  a  fecond  fufion,  in  a  temperature  of  28,  both  thefe 
glaffes  yielded  ftony  and  cryftallized  fub fiances,  fomewhat  lefs  fufible  than  the  original ; 
and  when  expofed  to  a  temperature  of  22,  they  cryftallized  rapidly,  like  mod  of  the  whins, 
into  the  liver  cryftallite.    This  laft  property  is  common  to  all  the  lavas. 

No.  2.     Lava  of  S*a  Ventre. 

This  current  has  flowed  in  the  neighbourhood  of  a  little  chapel,  called  S"  Venere,, 
above  the  village  of  Piedimonte,  on  the  north  fide  of  Mount  iEtna.  Owing  to  the  ftrong 
refemblance  which  it  bears  to  ftones  fuppofed  not  volcanic,  we  took  care  that  our  fpecimens 
fliould  be  broken  from  the  a&ual  current ;  and  to  one  of  them,  though  moftly  compact,  is 
attached  a  fcorified  mafs,  which  had  made  part  of  the  external  furface.  The  folid  part  is 
of  a  black,  or  rather  dark  blue,  colour ;  very  fine  grained  and  homogeneous,  having  a 
multitude  of  minute  and  (tuning  facettes  vifible  in  the  fun ;  in  this,  and  in  other  circum- 
ftances,  it  greatly  refembles  the  rock  of  Edinburgh  caftle.  This  lava  is  the  fecond  in  M. 
Dolomieu's  Catalogue^  and  is  well  defcribed,  p.  186  f. 

The  pure  black  glafs  formed  from  this  lava  yielded,  in  the  regulated  heat,  the  moft 
highly  cryftallized  mafs  we  obtained  from  any  lava  or  whin* 

No,  3.     Lava  of  La  Motta  di  Catania. 

This  is  likewife  compact  and  homogeneous,  but  for  a  number  of  fmall  yellow  grains 
of  chryfolite  fcattered  through  it,  (defcribed  by  M.  Dolomieu,  p.  191  J).  It  has  been 
thrown  up  by,  a  partial  eruption  burfting  through  the  fandftone  hills  which  furround  Mount 
iEtna.    The  fituation  of  this  mafs  is  lingular :  it  refts  upon  a  little  hill,  formed  of  loofe 

9  "  Elle  eft  formee  d'une  pate  de  roche  de  corne  grife,  a  grains  fins,  mele*e  d'ecailles,  et  de  criftaux  de 
"  feld-fpath  de  meme  couleur  5  elle  contient  un  tres  grand  nombre  de  criftaux  dc  fchorl  noir,  et  de  grains  de 
"  cryfolites  jaunes,  les  uns  et  les  autres  quelquefois  chatoyans,  de  differentes  couleurs  dans  leurs  fractures. 

«€ s  Cettc  lave  a  une  caflure  feche,  et  un  grain  rude,  furtout  dans  le  centre  des  courans ;  e'eft  la 

4i  011  elle  a  toujours  conferve  une  couleur  plus  claire,  qui  doit  etre  celle  de  fa  bafej  fur  les  bords  et  les  fur- 
4i  faces  elle  s'eft  fort  noircie;  elle  y  a  acquis  une  affez  forte  action  fur  Taiguille  amantee  que  celle  du  centre 
*'  n'a  prefque  point." 

•J-  «  Lave  homogene  noire :  fon  grain  eft  fin  et  fare,  il  eft  un  peu  brillant,  comme  micace*  lorfqu'on  le 
"  preTente  au  foleil  j  fa  caflure  nette  et  feche  eft  conchlide  comme  celle  du  111  ex." 

J  It  belongs  to  the  fifth  variety  of  his  compact  lavas. 
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fcoria,  the  Yummit  and  fides  of  Which  are  coveted  by  the  ftony  mafs,  fo  that  no  crater  is 
vifible.  It  (truck  me  on  feeing  it)  and  I  found  M.  Dolomieu  had  formed  the  fame  opi- 
nion, that  the  lava  had  rifen  up  in  a. perpendicular  dire&ion,  and  had  flowed  over  on  all 
fides.  Its  great  thicknefs,  and  fmall  extent,  feem  to  favour  a  conjeftlire  which  this 
naturalift  has  formed  with  regard  to  feveral  lavas,  that  they  were  erupted  at  the  bottom  Of 
an  ocean  which  once  covered  Sicily,  and,  being  quickly  cooled  by  the  contact  of  water, 
had  been  prevented  from  flowing  far.  The  conjecture  fcems  plaufible  enough  * j  and, 
having  no  proof  that  this  fubftance  made  part  of  an  external  current,  as  1  have  with 
refpeft  to  the  firft  two  mentioned,  I  do  not  exhibit  it  as  a  lava  with  the  fame  confidence. 
Whatever  be  its  hiftory,  however,  Jt  poflefles  the  chemical  properties  common  to  whin  and 
lavas.  * 

Its  glafs  yielded  a  dark  grey  cryftallite  of  uniform  texture.  Befide  it  In  the  drawer, 
now  on  the  table,  I  have  placed  a  cryftallite,  formed  from  the  whin  No.  1.  which  refembles. 
it  in  every  refpeft. 

No.  4.     Lava  of  Iceland* 

I  received  the  fpecimen  from  a  perfon  who  found  it  on  the  fpot ;  but  not  being  ac- 
quainted with  the  chrcumftances  of  its  original  portion,  I  cannot  be  certain  that  it  is  a  lava. 
It  has  however  every  appearance  of  being  fuch. 

It  is  -a  blue  homogeneous  fubftance,  having  fome  chryfolites  fcattered  irregularly  through 
k.  Nearly  half  its  bulk  is  occupied  by  large  air  holes,  which  do  not  appear  to  have  con- 
tained any  extraneous  matter. 

It  produced  a  very  fufible  glafs,  from  which  was  formed  a  cryftallite  much  more  re- 
fa&ory  than  the  original. 

No.  5.    Lava  of  Torre  del  Greco. 

This  lava,  which  flowed  from  Vefovius  to  the  fea  in  the  middle  ages,  has  been  an  obje& 
of  much  attention,  on  account  of  its  confpicuous  bafaltic  form.    It  confifts  of  a  grey  bafis 
the  fraduxe  of  which  is  coarfe  *nd  rough,  and  in  which  are  embedded  large  and  well 
characterized  cryftals  of  fchorl,  (augit),  with  a  few  chryfolites,  (olivins). 

It  was  found  to  be  lefs  fufible  than  any  of  the  others,  yet  its  glafs  cryftallized  in  a  lower 

temperature. 

# 

No.  6.     Lava  of  Fefuvivs,  eruption  1785. 

From  the  circumftances  in  which  the  above  five  lavas  have  been  feen  to  cryftaWie  after 
fufion,  k  cap  fcarcely  be  doubted  that  the  fame  procefs  takes  place  in  a  volcanic  ftream* 
which  in  conference  of  ks  birlk,  muft  cool  with  considerable  flownefc,  and  that  a  vitreous 
chara&er  would  be  afltimed  by  the  whole  mafs,  were  it  cooled  with  fufficient  rapidity. 

•  M.  Dolomieu  afcribe*  the  formation  of  part  of  Mount  JEtna  it&lf  to  a  fimilar  caufe.  I  flxall  have  oc- 
caGon,  in  another  part  of  this.paper,  to  confider  that  opinion. 
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truth  t£  this  laft  opirtLon  is  demonftrated  by  fome  fads,  which  I  accidentally 
ohferved,  long  before  my  prefent  views  had  occurred,  when,  in  Cpring  1785,  I  had  an  op- 
portunity of  examining  a  ftream  of  lava/whiqh  flowed  from  Vefuvius.  The  eruption  was 
comparatively  fo  gentle,  that  I  was  able,  though  not  without  inconvenience,  to  approach 
and  examine  the  fiery  ftream  on  three  different  days*  It  was  in  general  concealed  by  a 
thin  white  fmoke,  which  the  wind  blew  afidc  occafionally,  fo  that  I  could  diftinGly  fee  the 
lava  as  it  burft  from  the  fide  of  the  hill.  It  was  then  o(  a  bright  white  heat,  and  flowed 
with  the  agility  and  rapidity  of  water,  in  all  refpefts  refexqjbling  melted  iron  running 
from  the  furnace*  The  liquid,  at  its  firft  emergence,  manifefted  a  ftrong  eflervefcence, 
which  fubfiding  as  the  heat  abated,  {hewed  itfelf  at  laft  only  in  the  burfting  of  fome  very 
large  bubbles,  accompanied  with  a  white  fmoke.  Where  I  approached  the  ftream,  it  was 
(till  of  a  ftrong  red  heat,  and  had  the  confidence  of  honey.  I  thruft  a  (tick  into  it  with 
eafe,  to  the  end  of  which  fome  of  the  lava  adhering,  by  its  vifcidity,  allowed  itfelf  to  be 
drawn  out  into  threads,  and  was  found,  when  cold,  to  have  a  fhining  furface,  and  a 
vitreous  fra£ture.  '1 

Being  thus  convinced  that  I  had  met  with  a  lava  of  glafs,  I  prepared  fome  moulds  of 
ftucco,  in  which  I  meant  to  take  cafts  with  that  rare  fubftance*;  and  with  this  view  re- 
turned to  the  mountain.  I  found  the  ftream  was  not  fo  liquid  as  at  firft,  bift  I  was  able, 
by  means  of  a  ladle  fixed  on  the  end  of  a  pole,  to  lift  the  fpecimen  now  before  us  in  a  ftate 
like  dough.  I  then  prefled  it  with  a  feal,  by  which  means,  though  too  cparfe'  to  receive 
an  accurate  imprefiion,  it  took  the  fhape  it  now  bears,  which  is  that  of  the  ladle.  It  is 
very  porous,  one-third  of  it  nearly  being  occupied  by  air  holes.  It  contains  a  great 
number  of  fmall  white  cryftals  of  Vefuvian  garnet,  embedded  in  a  black  fubftance,  which 
completely  refemhles  the  gla&  obtained  in  our  experiments  from  lava  by  rapid  cooling  after 
fufion.  Befides  all  their  other  properties,  it  pofiefles  the  fufibility  of  the  glafles,  fince  it 
foftens  completely  at  18,  that  is,  14  or  15  degrees  below  the  foftening  point  of  any  of  the  * 
ftony  lavas.  Being  expofed  to  the  procefs  of  regulated  cooling)  it  gave  the  lame  refujt  as 
all  the  other  lava  glafles.  In  the  lower  points  it  yielded  a  liver  cryftallite  infuGtye  under 
30,  and.  in  the  higher  a  ftony  fubftance  like  a  common  lava  or  whin,  and  fufible 
only  at  35.  * 

What  has  been  faid  is  applicable  to  the  interior  parts  of  lavas;  but  I  was.  at  a  lofs  to 
underftand  the  ftate  of  their  external  furface,  which,  cooling  much  more  rapidly,  might 
be  e^pe&ed  to  pofiefs  a  vitreous  chara&er  ;  yet  glafs  is  not  found  pn  the  furface  of  lavas, 
except  in  a  very  few  cafes,  and  has  occurred  only  in  a  fingle  fpot  on  ./Etna.  This  diffi- 
culty was  removed,  however,  by  the  following  confideration  :  though  the  furface  of  a  lava 
cools  with  far  more  rapidity  than  the  reft  of  the  mafs,  yet,  owing  to  the  contaft  of  the 
fiery  ftream,  thaj:  rapidity  can  never  be  very  great  5  and  we  muft  fuppofe  that  the  tem- 
perature of  the  furface  employs  more  than  a  minute  or  two  in  defcendingYrom  23  to  ai. 
Where  this  happen^,  we  have  (hown  that  the  fubftance  confolidates  into  the  liver  cryftallite, 
which  completely  refemble§  the  fcoria  of  a  lava.    A  /mall  fragment  of  tlic  mafs,  which  I 
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took  from  the  running  ftream,  being  placed  in  the  temperature  of  22,  loft  hs  vitreous 
character  in  two  minutes,  as  already  dated ;  and  had  the  mafs  itfelf  been  allowed  to 
remain  but  a  very  little  longer  in  the  ftream,*  it  would  certainly  have  acquired,  as  well  as 
the  reft  of  the  furface,  the  dull  character  of  fcoria. 

The  fame  property  accounts  for  the  cruft  which  is  formed  on  the  furface  of  flowing 
lavas,  and  which  conftitiftes  fo  remarkable  a  feature  in  their  hiftory.  Were  lava  to  con- 
geal after  the  manner  of  pitch  or  wax,  by  an  uniform  and  gradual  increafe  of  vifcidity 
throughout,  no  cruft  would  be  formed,  or  if,  by  the  a£Hon  of  cold  air,  the  upper 
furface  were  to  harden  a  little,  it  might  he  foftened  again  by  an  influx  of  frefh  matter 
a  very  little  hotter  than  itfelf.  In  lavas,  however,  as  we  have  proved,  when  the  furface 
cools  down  to  2t,  it  rapidly  congeals  to  a  hard  fubftance,  capable  of  refilling  any  heat 
under  30.  The  cruft  thus  formed  ferves  as  a  pipe,  within  which  the  flowing  lava  is 
confined.  .  In  feveral  places  on  -*3Etna  we  meet  with  vaft  galleries,  along  which,, 
and  out  of  which,  the  lava  has  flowed,  leaving  the  cruft  entire  #. 

The  irregular  manner  in  which  a  lava  flows,  when  not  extremely  heated,  may  lrkewifc 
be  referred  to  the  fame  caufe.  On  the  lower  part  of  the  running  ftream  a  cruft  is  formed, 
fo  ftrong  as  to  retard  its  progrefs  during  a  certain  time,  but  the  liquid  behind,  ac- 
cumulating by  degrees,  at  laft  acquires  fufficient  ftrength  to  force  open  the  cruft;  the 
lava  then  flows  out  with  rapidity,  and  continues  its  courfe  till  it  is  again  retarded  by  the 
formation  of  a  new  cruft. 

Thefe  experiments  feem  to  eftablifh,  in  a  dire&  manner,  what  I  had  deduced,  ana* 
logically,  from  the  properties  of  whinftone,  namely,  that  the  ftony  chara&er  of  a  lava  is 
fully  accounted  for  by  flow  cooling  after  the  moft  perfe£t  fuflon  \  and,,  confequently,  that 
no  argument  againft  the  intenfity  of  volcanic  fire  can  be  founded  upon  that  chara&en 
We  aTe  therefore  juftified  in  believing,  as  numbcrlefs  fads  indicate,,  that  volcanic 
lieat  has  often  been  of  excefBve  intenfity. 

In  the  Comparifon  inftituted  between  whin  and  lava,  the  two  clafles  are  found  to 
agree  fo  exa&ly  in  all  their  properties  which  we  have  examined,  as  to  lead  to  a  belief  of 
their  abfolute  idenity.  This  idenity  has  been  fully  eftablifhed  by  Dr.  Kennedy,  who  has 
performed  an  exaft  analyfist  of  feveral  of  the  very  fpecimens  of  whinftone  and  lava  men* 
tioned  in  this  paper ;  by  which  he  discovered,  that  tjie  elements  of  the  two  clafles  are  the 
fame :  above  all,  that  they  both  contain  4  or  5  per  cent,  of  fbda.  Their  agreement  in  this 
eflential  circumftance  feems  to  account  for  their  common  properties,  whilft  the  varieties  of 
proportion,  among  their  component  elements  correfpond  to  the  flight  differences  of 
refult  we  have  obferved  between  the  individuals  of  the  fame  clafs  %. 

So 

•  As  at  Malpertui  above  Piedimonte* 
.  +  An  account  of  Dr.  Kennedy's  analyfi?  is  publiflied  in  this  volume.    (Edin.  Tranf.) 

J  Though  chtmifts  have  hitherto  overlooked,  in  their  experiments,  the  mode  in  which  bodies  were  cooled 
after  being  reduced  to  a  ftato  of  fufion ;  yet  many  refults,  which  we  are  now  entitled  to  afcribe  to  flow 
cooling,  have  been  occauonally  obferved.    The  flag  of  a  furnace  bears  a  ftrong  refemblance  to  what  we 

•     •  have 
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So  clofe  a  refemblance  affords  a  very  ftrong  prefumption  xn  favour  of  Dr.  Hutton's  fy- 
ftem, according  to  which  both  clafles  are  fuppofcd  to  have  flowed  by  die  a&ion  of  heat ; 
but  the  circumftances  under  which  they  were  expofed  to  this  action  being  materially  dif- 
ferent, we  have  reafon  to  look  for  indications  of  that  difference.    Such  are  not  wanting.. 

Calcareous  fpar  frequently  occurs  in  whinftone,  either  in  veins  or  in  detached  nodules, 
but  is  never  found  in  lava,  and  could  not  exift  in  a  volcanic  dream }  for  heat,  in  fuch  cir- 
cumftances, would  infallibly  drive  off  the  carbonic  acid,  and  compel  the  lime  to  unite  with 
the  other  comp&nent  elements  of  the  mafs.  In  whinftone,  which  Dr.  Hutton  fuppofes  to 
have  flowed,  at  fome  remote  period,  in  crevices  of  the  earth,  at  a  great  depth  below  what 
was  then  its  furface,  the  weight  and  ftrength  of  the  fuperincumbent  mafs  of  ftrata  *  has 
been  fufficient  to  refift  the  expanfion  of  the  carbonic  acid,  and  to  conftrain  it,  upon  the 
principle  of  Papins  digefter,  to  continue  in  combination  with  the  lime.    This  compound 

have  called  the  liver  cryftallite,  and  is  probably  formed  in  the  fame  manner.  I  have  feen  a  mafs  poffefling, 
in  a  great  meafure,  the  ltony  character  of  whins  and  la  vat,  which  was  produced  in  a  lime-kiln  by  the 
fufion  of  an  impure  limeftone ;  and  Dr.  Beddoes  has  obferved  a  cryftallized  texture  in  the  flags  of  fome  iron 
furnaces.  I  am  informed,  that  the  celebrated  Mr.  Klaproth  has  defcribed  fome  ftriking  examples  of  cry- 
ffallization  after  fufion,  which  he  obtained  in  expoflng  various  fubftances  to  the  heat  of  the  porcelain  fur- 
nace at  Berlin. 

*  It  may  be  aflced,  what  has  become  of  this  fuperincumbent  mafs  j  and  by  what  means  it  has  been  re- 
moved. Dr.  Hutton  anfwers,  that  it  has  been  gradually  worn  away  during  an  immenfe  courfe  of  ages,  by 
the  action  of  thofe  caufes  which  continue,  under  our  eyes,  to  corrode  the  furface  of  the  globe :  that  the 
folid  parts,  being  conveyed  to  the  bottom  of  the  ocean,  are  there  depofited  in  beds  of  fand  and.  gravel, 
which,  in  fome  future  revolution,  being  expofed  to  heat,  may  be  again  converted  into  ftony  ftrata. 

The  whole  of  this  fyftem  appears  to  me  well  founded,  except  in  what  regards  the  removal  c£  the  fuper- 
incumbent mafs,  which  has  been  performed,  I  conceive,  in  a  very  different  manner.  I  aft  -inclined  to 
agree  ou  this  point  with  M.  Pallas,  M.  de  Sauffurt,  and  M.  Dolomieu,  and  to  believe  that,  at  fome 
period  very  remote  with  refpect  to  our  hiftories,  though  fubfequent  to  the  induration  of  the  mineral  king- 
dom, the  furfafe  of  the  globe  has  beea  fwept  by  vaft  torrents,  flowing  with  great  rapidity,  and  fo  deep  as 
to  overtop  the  mountains  5  that  thefe  torrents,  by  removing  and  undermining  the  ftrata  in  fome  places, 
and  by  forming  in  others  immenfe  depofits,  have  produced  the  broken  and  motley  ftructure,  which  the 
loofe  and  external  part  of  our  globe  every  where  exhibits. 

In  the  Alps  and  in  Sicily  I  have  witneffed  feveral  of  thofe  curious  facts,  upon  which  M.  de  Sauffure 
and  M.  Dolomieu  found  their  opinion,  and  which  feem  to  juftify  their  concluflons.     I  have  likewife  ob- 
ferved, in  this  country,  many  phenomena  which  denote  the  influence  of  (imilar  agents.     Lord  Daar,  who 
joins  me  in  agreeing  with  Dr.  Hutton  in  almoft  every  article  but  this,  has  added  great  weight  to  the  ar- 
gument by  fome  general  bbfervations  on  lakes,  and  by  fome  very  interefting  facts  which  he  has  obferved 
in  the  Highlands  of  Scotland.     We  propofe  topurfue  this  fubject,  and  to  lay  the  refult  of  our  inquiries 
before  the  fo.ciety.     Dr.  Hutton,  in  the  fecond  volume  of  his  Theory  of  the  Earth,  has  taken  great  pains  to 
refute  all  that  has  been  faid  about  thefe  torrents  $  but,  in  my  opinion,  their  exiftence  is  not  only  quite 
confiftent  with  his  general  views,  but  feems  deducible  from  his  fuppofitions,  almoft  as  a  neceffary  confe- 
rence.   When  the  ftrata,  according  to  his  fyftem,  were  elevated  from  the  bottom  of  the  fea,  the  removal 
of  fo  much  water,  if  not  performed  with  unaccountable  flownefs,  muft  have  produced  torrents,  in  all  di- 
rections, of  exeefiTve  magnitude,  and  fully  adequate  to  the  effects  I  have  thus  afcribed  to  them. 

feems 
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feems  to  have  entered  readily  into  fufion,  along  witfi  the  whinftooe,  but  to  have  kept  fe- 
parate  from  it,  as  oil  feparates  from  water  through  which  it  has  been  diftufed,  thus  giving 
rife  to  the  fpherical  form,  which  the  Modules  of  calcareous  fpar  generally  exhibit  with 
more  or  lcfs  regularity  #.  » 

This  circumftance  accounts  for  an  appearance  which  has  mifled  fome  of  the  early  ob- 
servers of  our  minerals.  Many  whinftone  rocks  externally  refemble  very  porous  lavas,  but 
when  broken  are  always  found  to  be  quite  compaft  internally,  and  to  contain  numerous 
round  nodules  of  calcareous  fpar.  Near  the  furface,  the  nodules,  being  wafhed  out  by 
rain,  have  left  the  cavities  which  have  given  rife  to  this  deception.  The  fpherical  form  of 
the  air  holes  in  lavas,  and  of  the  nodules  of  calcareous  fpar  in  whins,  feems  to  have  been 
produced  by  a  caufe  common  to  both,  the  mutual  repulfion  of  two  fluids  intermixed,  but 
not  difpofed  to  unite. 

It  mud  be  owned,  that  this  theory  of  calcareous  fpar  is  as  yet  hypothetical ;  but  it  is 
fupported  by  ftrong  analogy,  and  promifes  to  be  of  fervice,  by  leading  to  decifive  experi- 
ments and  obfervations.  I  cannot  help  believing,  that,  by  a  careful  examination  of  the 
,  volcanic  countries,  fads  may  yet  be  diftovered  which  will  throw  light  on  this  fubjeft.  In 
order  to  promote  and  dire£t  fuch  refearches,  I  fliall  beg  leave  tp  (late  fome  obfervations 
which  I  made  in  thofe  countries  in  1785,  before  I  was  attached  to  any  fyftem  of  geology. 

It  is  generally  fuppofed,  that  fome  lavas  of  ./Etna  contain  calcareous  fpar  and  zeolite; 
>  but  this  I  conceive  to  be  a  miftake*  It  is  true,  as  I  have  feen,  that  many  rocks  of  Mtnn 
contain  thefe  fubftances  in  abundance;  but  in  my  opinion  thefe  rocks  are  no  lavas,  but 
have  flowed  fubterraneoufly  like  our  whins,  and  are  the  fame  with  them  in  every  refpeflt. 
A  particular  <iiftri£t  of  <£tna,  comprehending  the  Cyclopian  Ifles,  and  the  country  round 
La  Trcjsza,  and  the  caftle  of  Jaci,  is  decidedly  of  this  description ;  and  veftiges  of  the 
fame  kincl  occur  in  other  parts  of  the  mountain.  In  one  place  feffile  coal  has  been  found, 
and  in  another  we  faw  marine  (hells.  In  the  neighbourhood  ci  Bronte  we  obferved  a  high 
ridge  formed  of  ftrata  of  fandftone  and  limeftone,  partly  overflowed  and  concealed  by  re- 
cent lavas,  but  fo  placed  as  to  render  it  evident  that  its  continuation  formed  no  mconfide- 
rable  part  of  the  mountain.  Thus,  JEtnz  being  compofed,  partly  of  the  fubterranean,  and 
partly  of  the  external  productions  of  fire,  may  be  expe&ed  to  afford  numberlefs  opportu- 
iiities  of  purfuing  the  comparifon  between  thefe  two  claffes  f* 

A  moft  interefting  fcene  for  fuch  a  comparifon  occurs  likewife  on  Vefuvius.  The  hif- 
tory  of  this  volcano  is  Ampler  than  that  of  JEtna,  for  it  has  been  evidently  formed,  with  all 
its  appendages,  by  the  cqntinued  a&ion  of  external  eruptions,  which  have  raifed  it,  at 
fome  remote  period,  from  the  bottom  of  a  fea,  occupying  all  the  Campi  Phlegrsei,  and 
waflung  the  furrounding  Appenines.    The  whole  volcano  feems  once  to  have  confiited  of 

*  The  modifications  of  the  action  of  heat,  occafioned  by  pre  (lure,  which  have  been  taken  into  account 
by  no  geologift  but  Dr.  Hutton,  diftinjruim  his  theory  from  all  other  igneous  theories. 

f  M.  Dolomieu  has  obferved  this  diftinction  $  but  fuppofes  that  the  niaflcs  which  we  conceive  to  have 
flowed  iubterraneoufly  were  erupted  at  the  bottom  of  the  fea. 

a  fingle 
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a  fingle.large  cone,  the  greateft  part  of  which  has  funk,  during  fome  violent  eruption,  pro- 
bably that  which  took  place  in  the  time  of  Pliny,  leaving  a  fragment  of  its  baGs,  now  called 
die  mountain  of  Sornma.  This  fragment  retains  its  origiual  fliape;  and  on  the  fide  front- 
ing the  towns  of  Somma  and  Otajano,  the  external  conical  furijace,  along  which  the  an- 
cient  lavas  had  flowed,  is  fttll  entire.  Fronting  the  centre  of  the  cone,  Somma  breaks  off 
,  abruptly^  and  prefents  a' Vertical  cragg,  fome  hundred  feet  in  height,  which  is  concave  in-* 
wards.  From  the^gulf,  produced  by  the  ruin  of  the  ancient  mountain,  though  not  exa&ly 
from  its  centre,  have  arifen  the  esplofions  which,  by  repeated  accumulation,  have  formed 
(the  prefent  cone  of  Vefimus.  Next  the  fea,  this  cone  has  extended  itfelf  fo  as  completely 
to  cover  all  remains  of  the  ancient  one,  forming  a  continued  Hope  from  the  crater  to  the 
foot  of  the  mountain.  On  the  oppofite  fide  it  meets  the  bafe  of  the  craggs  of  Somma,  and 
forms  an  angle,  into  which  many  fucceffive  ftreams  of  lava  have  flowed,  producing  a  nar- 
row horizontal  valley,  in  the  form  of  a  crefcent,  called  the  Atrlo  del  Cavallo.  From  this 
valley  the  craggs  of  Somma  prefent  a  complete  view  of  the  internal  ftru£ture  of  the  an- 
cient mountain,  correfponding,  in  mod  things,  to  what  might  have  been  fuppofed. 

The  various  fubftances,  depofited  fuccelfively  on  the  external  furface  of  the  ancient 
cone,  being  cut  vertically  in  this  cragg,  their  fucceffion  is  diftin&ly  feen,  the  fe&ion  of 
each  ftratum  prefenting  to  the  view  part  of  a  horizontal  circle ;  the  whole  coufifts  of  alter- 
nate layers  of  thin  ftreams  of  lava,  and  very  thick  beds  of  loofe  frothy  rapilliy  which  lalt 
being  thrown  into  the  air  in  a  foft  ftate,  had  fallen  in  fhowers  on  the  fides  of  the  moun- 
tain.     * 

In  various  places  the  regularity  of  this  arrangement  is  interrupted  by  certain  vertical 
lavas,  from  two  feet  to  ten  or  twelve  in  thicknefs>  which  croft  the  ftrata  juft  defcribed  \a 
an  irregular  manner,  and  pals  upward,  without  diftin£Uon,  through  the  folid  beds*  and 
through  the  loofe  ones.  It  immediately  occurred  to  us*,  that  thefe  lavas  muft  have  flowed 
in  fiffures  of  the  ancient  mountain ;  and  we  accounted  for  them  by  fuppofing,  that  a  melted 
ftream,  flowing  along  the  external  furface,  had  met  in  its  courfe  with  one  of  thofe  cre- 
vices which  are  formed  in  all  great  eruptions,  and  had  flowed  into  it  fo  as  to  return  again 
into  the  heart  of  tfye  mountain.  This  conje&ure  very  nearly  agrees  with  thofe  advanced  by 
M.  Dolomieu,  and  by  M.  Breiflack,  who  both  mention  thefe  vertical  lavas  of  Somitia  f. 

1  have  fince  been  induced  to  confider  this  phenomenon,  which  formerly  feemed  to  pre- 
fent only  an  amufing  variety  in  the  hiftory  of  volcanic  eruptions,  as  of  the  uttaoft  confe- 
rence in  geology,  by  fupplying  an  intermediate  link  between  the  external  and  the  fubter- 

*  I  frw  this  place  in  company  with  Dr.  J.  Home  in  1785*    ' 

+  M.  Dolomieu  conceives  thefe  lavas  to  have  flowed  over  the  lips  of  the  crater,  (Ifies  ?onces>  /»  100.}). 
M.  Breiflack,  that  they  had  firft  filled  the  open  cavity  of  the  crater,  and  from  thence  had  flowed  into  cre- 
vices formed  in  its  fides,  "  che  una  lava  avendo  riempiia  la  cavita  del  cratere  fi  fo/Te  infmuata  per  quefte 
•*  fenditure,"  (Tifigrafia  FificadeUa  Camptma,  p.  11 5. J  -  This  laft  mentioned  work,  publifhed  in  179 S, 
contains  many  interefHng  and  accurate  defcriptions.  Should  the  cirewnftances  of  the  times  permit,  the 
author  will  hare  it  in  hit  poorer  to  follow  out,  with  every  advantage,  the  hints  I  have  fuggefted. 
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raneous  produ&ions  of  heat.  I  now  think,  that,  though  we  judged  rightly  in  believing 
thofe  lavas  to  have  flowed  in  crevices,  we  were  miftaken  as  to  their  dire&ion ;  for  inftead 
of  flowing  downwards,  I  am  convinced  they  have  flowed  upwards,  and  that  the  crevices 
have  performed  the  office  of  pipes,  through  which  lateral  explofions  have  found  a  vent. 
This  will  appear  in  the  higheft  degree  probable,  when  we  attend  to  the  known  Tiiftory  of 
volcanic  eruptions.  It  generally  happens,  that  the  lava  begins  to  flow  from  the  fammit,  in 
confequence  of  the  crater  being  filled  with  liquid  matter  up  to  the  brim.  At  that  moment 
the  bafis  of  the  mountain  mud  be  preffed  outwards  by  a  very  great  hydroftatical  force, 
equal  to  the  weight  of  a  column  of  liquid  lava  as  high  as  the  mountain  itfelf.  It  is  natural 
then  to  expe&,  that  this  preflure,  af&fted  by  ftrong  percuffions  of  explofion,  (hould  lace- 
rate the  body  of  the  hill,  and  form  great  rents.  The  lava,  urged  upwards  by  the  fame 
preflure,  would  flow  through  thefe  rents,  and  emerge  at  the  furface  with  violence.  The 
difcharge  would  continue  through  this  channel  till  the  propelling  force  had  ceafed,  when 
the  rents  would  be  left  full  of  lava;  which,  cooling  in  that  pofition,  would  produce  ver- 
tical lavas,  fuch  as  thofe  of  Somma.  This  fuppofition  is  confirmed  by  various  phenomena: 
the  lava  ceafes  to  flow  from  the  crater  as  foon  as  a  lateral  eruption  has  begun  ;  when  it 
rufhes  with  fuch  violence  from  the  fide  of  the  mountain  as  to  fly  to  a  great  height  into  the 
air,  like  zjettfeau;  and  it  often  makes  its  appearance,  in  the  fame  inftant,  at  various 
mouths,  which  are  not  fcattered  at  random,  but  placed  in  one  continued  line,  indicating 
the  difcharge  from  a  rent.  Some  circumftances  likewife,  which  I  obferved  on  a  clofe  exa- 
mination of  the  vertical  lavas,  indicate  that  the  crevices  had  performed  the  office  of  pipes. 
Frequently  the  fubftance  at  the  middle  differs  from  that  on  each  fide,  whilft  the  fides  re- 
ferable each  other  exa£Uy.  I  explain  this,  by  fuppofing  that  the  lava,  which  had  firft 
flowed  through  the  pipe,  and  had  coated  its  fides  with  folid  matter,  had  been  followed  by 
a  dream  fomewhat  different,  which  had  remained  there  on  the  cooling  of  the  whole.  In 
one  cafe,  I  found  lava  on  each  fide,  and  in  the  middle  tuffa,  which  is  generally  fuppofed 
to  have  been  erupted  in  the  (late  of  watery  mud.  In  another,  the  fubftance  in  immediate 
conta£t  with  the  mountain  is  vitreous,  the  reft  being  common  lava.  This  is  fully  ex- 
plained by  our  experiments,  if  we  fuppofe  the  ftream  -to  have  flowed  into  a  cold  crevice. 
4  To  apply  thefe  obfervations  to  the  general  hiftory  of  the  globe:  it  is  evident  that  the 
vertical  lavas  bear  the  clofeft  refemblance,  in  point  of  pofition,  to  veins  of  every  descrip- 
tion, which,  in  all  parts  of  the  world,  are  found  penetrating  the  ftrata,  and  which,  ac- 
cording to  Dr.  Hutton,  have  flowed  by  means  of  fubterraneous  heat.  The  veins,  or  dikes, 
(as  they  are  called),  of  whinftone,  wliich  fo  commonly  occur  in  this  country,  differ  from 
them  in  no  circumftance  which  I  had  the  means  of  obferving.  It  is  therefore  natural  to 
cxpeG  that,  if  examined  with  particular  care,  their  agreement  will  be  found  complete.. 
Of  this,  however,  we  muft  not  form  too  fanguine  expectations ;  for  though  the  vertical 
lavas  of  Somma  have  undoubtedly  fuftained  the  preflure  of  a  great  fuperincumbent  mafs, 
we  have  no  proof  that  this  force  was  fufficiently  ftrong,  as  Dr.  Hutton  fuppofes  was  the 
cafe  in  whinftone,  to  rcprefs  the  volatility  of  carbonic  acid.    On  the  other  hand,  as  we  are 

yet 


EttptrimtnU  on  WUnfiont  and  Lava. 


Sa 


yet  entirely  ignorant  of  the  degree  of  force  requifitc  for  this  purpofe,  we  have  no  proof 
■  that  it  has  been  too  weak.  All  the  veins  of  Somma  I  examined  were  abfolutely  compact, 
except  one  which  was  full  of  pores.  I  "am  unable  to  determine  whether  this  was  the  real 
porofity  of  a  lava,  or  whether,  as  in  our  whins,  it  arofe  from  the  removal,  near  the  fur- 
face,  of  nodules  of  calcareous  fpar.  Granting  that  thefe  pores  were  real  air  holes,  the 
circumftance  was  peculiar  to  that  Jingle  ftream,  and  may  have  been  owing  to  an  inferior 
degree  of  preflure ;  for,  in  this  reflect,  we  have  reafon  to  look  for  the  greatelt  diverfity. 
Some  vertical  dreams  mull  have  Bowed  while  the  mountain  was  yet  low ;  others  may  have 
found  vent  at  a  low  level ;  in  both  which  cafes,  the  preflure  would  be  feeble :  whereas 
other  dreams,  communicating  with  elevated  lateral  eruptions,  would  tuftsin,  in  their 
lower  parts,  the  full  re-action  of  deep  columns  of  liquid  lava,  and  may  be  expected  to  ex- 
hibit the  effects  of  great  preflure.  Should  any  future  traveller  be  fortunate  enough  to 
meet  with  a  nodule  of  calcareous  fpar  in  a  lava,  occupying  the  crevice  of  a  mountain 
formed  by  undoubted  external  eruptions,  all  that  has  been  faid  of  the  effects  of  preflure 
would  ceafe  to  be  hypothetical,  and  this  fundamental  article  of  Dr.  Hutton's  theory  would 
be  eftabliOied  beyond  difpute. 

I  have  now  examined  the  relation  between  whinftone  and  lava  in  various  points  of  view  j 
and  the  refult  of  the  inveftigation,  by  fliowing  the  intimate  connection  between  the  two 
clafles,  tends  ftrongly  to  confirm  the  ideas  of  Dr.  Hutton.  I  flatter  myfelf,  likewife,  that 
the  experiments,  independently  of  the  general  views  of  geology,  are  of  fome  value,  by  ac- 
counting for  the  ftony  character  of  lavas,  and  thus  enabling  us  to  difpenfe  with  the  various 
mytlkal  fuppofitions  which  have  of  late  perplexed  the  hiftory  of  volcanic  phenomena. 
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A  Memoir  on  the  Difeovery  of  certain  Bones  of  a  Quadruped  of  the  Gaped  Kind  in  the  Wtf 

tern  Parts  of  Virginia*    By  Thomas  Jeff£Rson>  lifq* 


(Concluded  from  page  43.^ 
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HESE  bopes  only  enable  us  to  clafs  the  animal  with  the  unquiculated  quadrupeds  % 
and  of  thefe  the  lion  being  neareft  to  hup  in  fizet  we  will  compare  him  with  that  animal; 
of  whofe  anatomy  Monfieur  Daubenton  has  furnithed  very  accurate  rnea/ures  in  his  tables 
at  the  end  of  Bufibn's  Natural  Hiftory  of  the  Lion.  Thefe  p&eafurcs  were  takep,  3s  he  * 
informs,  us,  from  c<  a  large  Hon  of  Africa/9  in  which  quarter  the  largeft  f  are  faid  to  be 
produced.  I  (hall  fel$&  from  his  meafures,  only  thofe  where  we  have  the  qorrefpoudin^; 
bones,  converting  t^cgi  into  our  own  inch  ajid  its  fraQions,  that  the  CQinparifon  may  be 
more  obvious :  and  to  avoid  the  embarraflment  of  deGgnating  our  animal  always  by  cir-r 
cumlocutipn  and  defcriptipn,  I  will  venture  to  refer  to  him  by  the  psune  of  the  GreatrCJaw 
prMcgalonyx,  to  which  he  {eems  fuflScicntly  entitle^  by  the  diftijigui&ed  fi?e  of  that 
fpemtar. 


Length  of  the  ulna,  or  forearm  •  •  • 

Height  of  the  olecranum  .... 

Breadth  of  the  ulna,  from  the  point  of  the  coronoide  apophyfis  to? 
the  extremity  of  the  olecranum  -  -  .3 

Breadth  of  the  ulna  at  its  middle  -  .  • 

Thkkncfs  at  thje  fern?  place  -  -.     - 

Circumference  at  the  fame  place  - 

iength  of  the  radius  ..... 

readth  of  the  radius  at  its  head  ... 

Circumference  «t  its  middle  -  ?  1 

Breadth  at  its  lower  extremity  .... 

Diameter  of  the  lower  extremity  of  the  femur  at  the  bafe  of  the  1 
two  condyles  "...  -  .  J 

Tranfverfe  diameter  of  thp  larger  condyle  at  its  bafe 
Circumference  of  both  condyles  at  their  bafe 

iter  of  the  middle  of  the  femur  * 

[ollow  of  the  femur  at  the  fame  place  % 

~  ticknefs  of  the  bone  furrounding  the  hollow 
length  of  the  longeft  claw  -  -  - 

length  0$  the  fecond  phalanx  pf  the  fame  -  1 

*  Ruffon,  3YUL  3§?  Paris  edition  in  ji  vols,  iimq* 

t  *•  3e  Manet,  117.  


Megalonyx 

Lion* 

laches. 

m 

Inches. 

1 

ao-i 

'    *3'7„ 

3-S 

1.85 

9-55 

3-8 

1. 14 

6.7 

^•75 

12.3.7 

a.65 

1.38 

7-4 

3.6* 

4.05 

*.»* 

4-a. 

;     *tfS 

3 

t 

Vi-$S 

t 

4*5 

'w* 

1.05 

IS 

T-S 

1         1.41 

3% 

i         %  41 

Thtr 


Dl/toHry  rf thr  B$net  ffm'Sfy wtrupei. 
The  dimenfioftft  of  the  largeftof  the  foot  bodes  are  as  fellow: 

Its  greateft  diameter,  or  breadth  at  the  joint  _     •■ 

Its  fmallcft  diameter,  or  thioknefs  at  the  fame  place 
Its  circumference  at  the  fame  place  ■     -■ 

Its  circumference  at  the  middle  • 


**     - 


leches. 

2.45 
2.28 

'5;3 


Of  loogeft 

Middle 

Shortert 

toe. 

fi«cd  toe. 

toe. 

3-a 

*95 

1.84 

2.05 

1.4 

1.54 

5-2J 

*» 

*7-S 

tS-9 

3-5 

2.7 

2. 

i. 45 

•95 

•9 

•55 

6.4c 

4.8 

2d.  Phalanx.  Its  length  -  - 

Greateft  diameter  at  its  head  or  upper  joint 

Smalleft  diameter  at  the  fame  place  -  * 

Circumference  at  die  fame  place 
3  d.  Phalanx.   Its  length  -  -  - 

Greateft  diameter  at  its  head  or  upper  joint 

Smalleft  diameter  at  the  fame  place 

Circumference  at  the  fame  place  -  - 

Were  we  to  eftimate  the  face  of  our  animal  by  a  comparifon  with  that  of  the  lion  oft  the 
principle  of  ex  peck  Herculem%  by  taking  die  longed  claw  of  each  as  the  module  of  their 
meafure,  it  would  give  us  a*  a  being  out  of  the  limits  of  nature*  It  is  fortunate  therefore 
that  we  have  fome  of  the  larger  bones  of  the  limbs  Which  may  furriifli  a  more  certain  efti- 
mate of  his  ftature*  Let  us  fuppofe  then  that  his  diffienfion*  of  height,  length  and  thick- 
nefs,  and  of  the  principal  members  coifipofing  thefe,  were  of  the  fame  proportions  with 
thofeof  the  lion.  In  the  table  of  M.  Daubenton  an  Ulna  of  13.78  inches  belonged  to  a 
lion  427  inches  high  over  the  (boulders:  then  an  ulna  of  20.1  inches  beffieaks  a  niegalonyx 
of  5  feet  1.75  inches  height,  and  as  animals  who  have  the  fame'  proportions  of  height, 
length,  and  thicknefs  have  their  bulk  or  weights  proportioned  to  the  cubes  %  of  any  one  of 
their  dimejifions,  the  cube  of  42%;  inches  is  to  262  lb.  the  height  and  Weight  of  M.  Dau* 
benton's  lion  as  the  cube  of  61.75  inches  to  803  lb.  the  height  and  weight  df  the  rriaga- 
lonyx #,  which  would  prove  him  a  little  more  than  three  times  the  fize  of  the  lion,  I  fup- 
pofe that  we  fliould  be  fafe  in  confidcring,  oil  the  authority  of  M.  Daubeatori,  his  lion  as 
a  large  one.  But  let  it  pafs-  as  one  only  of  the  ordinary  fize,  and  that  the  megalonyx, 
whofe  bones  happen  to  have  been  found,  was  alfo  of  the  ordinary  fize.  It  does  J  appear 
that  there  was  differed  for  the  academy  of  iciences  at  Paris,  a  lion  of  4  feet  9!  inches 
height.  This  individual  would  weigh  6441b.  and  would  be  in  his  (pedes,  what  a  man  of 
eight  feet  height  would  be  in  ours.  Such  men  have  exifted.  A  rhegalonyx  equally  mon- 
ftrous  would  be  7  feet  high,  and  would  weigh  2000  lb.  but  the  ordinary  race,  and  riot  the 
monitors  of  it,  are  the  object  of  our  prefent  enquiry. 

*  It  is  actually  6  J  inches  long,  but  about  J  inch  appear  to  have  been  broken  off. 

t  Actually  5.65  but  about  J  inch  is  broken  off. 

J  Button  xxii.  m.  §  Buffon  xviii.  15. 
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I  have  ufed  the  height  alone  of  this  animal  to  deduce  his  bulk,  on  the  fuppofition  that  he 
might  have  been  formed  in  the  proportions  of  the  lion.  But  thefe  were  not  his  proportions, 
he  was  much  thicker  than  the  lion  in  proportion  to  his  height,  in  his  limbs  certainly,  and 
probably  therefore  in  his  body.  The  diameter  of  His  radius,  at  its  upper  end,  is  near 
twice  as  great  as  that  of  the  lion,  and,  at  its  lower  end,  more  than  thrice  as  great,  which 
gives  a  mean  proportion  of  2^  for  1.  The  femur  of  the  lion  was  lefs  than  1^  inch  dia- 
meter. That  of  the  megalonyx  is  4^  inches,  which  is  more  than  three  for  one.  And  as 
bodies  of  the  fame  length  and  fubftance  have  their  weights  proportioned  to  the  fquares  of 
their  diameters,  this  excefs  of  caliber  compounded  with  the  height,  would  greatly  aggra- 
vate the  bulk  of  this  animal.  But  when  our  fubjeft  has  already  carried  us  beyond  the 
limits  of  nature  hitherto  known,  it  is  fafeft  to  (top  at  the  mod  moderate  conclufions,  and 
not  to  follow  appearances  through  all  the  conjectures  they  would  furnifh,  but  leave  thefe 
to  be  corroborated  or  corrected  by  future  difcoveries.  Let  us  only  fay  then,  what  we  may 
fafely  fay,  that  he  was  more  than  three  times  as  large  as  the  lion :  that  he  flood  as  pre- 
eminently at  the  head  of  the  column  of  clawed  animals  as  the  mammoth  flood  at  that  of 
the  elephant,  rhinoceros,  and  hippopotamus :  and  that  he  may  have  been  as  formidable  an 
antagonifl  to  the  mammoth  as  the  lion  to  the  elephant. 

A  difficult  queftion  now  prefents  itfelf.  What  is  become  of  the  great-claw  ?  Some  light 
may  be  thrown  on  this  by  afking  another  queftion.  Do  the  wild  animals  of  the  firft  mag- 
nitude in  any'inftance  fix  their  dwelling?  in  a  thickly  inhabited  country  ?  fuch,  I  mean,  as 
the  elephant,  the  rhinoceros,  the  lion,  the  tyger  ?  as  far  as  my  reading  and  recolle&ion 
ferve  me,  I  think  they  do  not :  but  I  hazard  the  opinion  doubtingly,  becaufe  it  is  not  the 
refult  of  full  enquiry.  Africa  is  chiefly  inhabited  along  the  margin  of  its  feas  and  rivers. 
The  interior  defart  is  the  domain  of  the  elephant,  the  rhinoceros,  the  lion,  the  tyger. 
Such  individuals  as  have  their  haunts  neareft  the  inhabited  frontier,  enter  it  occafionally, 
and  commit  depredations  when  prefled  by  hunger:  but  the  mafs  of  their  nation  (if  I  may 
ufe-the  term)  never  approach  the  habitation  of  man,  nor  are  within  reach  of  it.  When 
our  anceftors  arrived  here,  the  Indian  population,  below  the  falls  of  the  rivers,  was  about 
the  twentieth  part  of  what  it  now  is.  In  this  date  of  things,  an  animal  refembling  the 
lion  feems  to  have  been  known  even  in  the  lower  country.  Moft  of  the  accounts  given  by 
the  earlier  adventurers  to  this  part  of  America  make  a  lion  one  of  the  animals  of  our  fo- 
refts.  Sir  John  Hawkins  *  mentions  this  in  1564.  Thomas  Harriot,  a  man  of  learning, 
and  of  diftinguifhed  candor,  who  refided  in  Virginia  in  1587  f  does  the  fame,  fo  alfo  does 
Bullock  in  his  account  of  Virginia, %  written  about  1627,  he  fays  he  drew  his  information 
from  Pierce,  Willoughby,  Claiborne,  and  others  who  had  been  here,  and  from  his  own 
father  who  had  lived  here  twelve  years.  It  does  not  appear  whether  the  h£k  is  dated  on 
their  own  view,  or  on  information  from  the  Indians,  probably  the  latter.    The  progrefs.of 

*  Hakluyt,  541.  edition  of  1589. 

f  Ibid.  757,  and  Smith's  Hiftory  of  Virginia,  10. 

{Bullock,  page  5. 
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the  new  population  would  foon  drive  off  the  larger  animals,  and  the  largeft  firft.  In  the 
prefent  interior  of  our  continent  there  is  furely  (pace  and  range  enough  for  elephants  and 
lionsj  if  in  that  climate  they  could  fubfift  \  and  for  mammoths  and  megalonyxes  who  may 
fubfift  there.  Our  entire  ignorance  of  the  immenfe  country  to  the  weft  and  north-weft, 
and  of  its  contents,  does  not  authorife  us  to  fay  what  it  does  not  contain. 

Moreover  it  is  a  fa&  well  known,  and  always  fufceptible  of  verification,  that  on  a  rock 
on  the  bank  of  the  Kanhawa,  near  its  confluence  with  the  Ohio,  there  are  carvings  of 
many  animals  of  that  country,  and  among  thefe  one  which  has  always  been  conGdered  as  a 
perfect  figure  of  a  lion.  And  thefe  are  fo  rudely  done  as  to  leave  no  room  to  fufpe&  p, 
foreign  hand.  This  could  not  have  been  of  the  fmaller  and  manelefs  lion  of  Mexico  and 
Peru,  known  alfo  in  Africa  both  in  *  ancient  and  f  modern  times,  though  denied  by  J  M. 
de  Buffon :  becaufe  like  the  greater  African  lion,  he  is  a  tropical  animal ;  and  his  want  of 
a  mane  would  not  fatisfy  the  figure.  This  figure  then  muft  have  been  taken  from  fome 
other  prototype,  and  that  prototype  muft  have  refembled  the  lion  fufficiently  to  fatisfy  the 
figure,  and  was  probably  the  animal  the  defcription  of  which  by  the  Indians  made 
Hawkins,  Harriot,  and  others  conclude  there  were  lions  here.  May  we  not  prefume  that 
prototype  to  have  been  the  great-claw  ? 

Many  traditions  are  in  pofleflion  of  our  upper  inhabitants,  which  themfelves  have  here- 
tofore confidered  as  fables,  but  which  have  regained  credit  fince  the  difcovery  of  thefe 
bones.  There  has  always  been  a  ftory  current  that  the  firft  company  of  adventurers  who 
went  to  feek  an  eftablifhment  m  the  county  of  Greenbriar,  the  night  of  their  arrival  were 
alarmed  at  their  camp  by  the  terrible  roarings  of  fome  animal  unknown  to  them  :  that  he 
went  round  and  round  their  camp,  that  at  times  they  faw  his  eyes  like  two  balls  of  fire, 
that  their  horfes  were  fo  agonifed  with  fear  that  they  couched  down  on  the  earth>  and 
their  dogs  crept  in  among  them,  not  daring  to  bark.  Their  fires,  it  was  thought,  pro- 
tected them,  and  the  next  morning  they  abandoned  the  country.  This  was  little  more 
than  30  years  ago. — In  the  year  1765,  George  Wilfon  and  John  Davies,  having  gone  to 
hunt  on  Cheat  river,  a  branch  of  the  Monongahela,  heard  one  night,  at  a  diftance  from 
their  camp,  a  tremendous  roaring,  which  became  louder  and  louder  as  it  approached,  till 
they  thought  it  refembled  thunder,  and  even  made  the  earth  tremble  under  them.  The 
animal  prowled  round  their  camp  a  confiderable  time,  during  which  their  dogs,  though  on 
all  other  occafions  fierce,  crepe  to  their  feet,  could  not  be>  Acited  from  their  camp,  nor 
even  encouraged  to  bark.  About  day-light  they  heard  the  fame  found  repeated  from  the 
knob  of  a  mountain  about  a  mile  off,  and  within  a  minute  it  was  anfwered  by  a  fimilav 
voice  from  a  neighbouring  knob.  Colonel  John  Stewart  had  this  account  from  Wilfon  in 
-the  year  1 769,  who  was  afterwards  Lieutenant  Colonel  of  a  Pennfylvania  regiment  in  the 
revolution-war  ;  and  fome  years  after  from  Davies,  who  is  now  living  in  Kentucky. 

•  Ariftot*  Animal,  9.  4.  Pliny,  8.  16,  f  Kolbe.  \  Buffon,  xviii.  18. 
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Thefe  circumftances  multiply  the  points  of  refembfance  between  this  animal  aad  the 
lion.  M.  de  la  Harpe  of  the  French  Academy,  in  his  abridgment  of  the  General  Hiftory 
of  Voyages,  fpeaking.  of  the  Moors,  fays*,  "it  is  remarkable  that  when,  during  their 
huntings*  they  meet  with  lions,  their,  horfes,  though  famous  for  fwiftnefs,  are  feized  with 
fuch  terror  that  they  become  motionlefs,  and  their  dogs  equally  frightened,  creep  to  the 
feet  of  their  matter,  or  of  his  horfe."  Mr.  Sparrman  in  his  voyage  to  the  Cape  of  Good 
Hope,  chap.  n.  fays,  <(  we  could  plainly  difcover  by  our  animals  when  the  lions,  whether 
they  roared  "or  not,  were  obferving  us  at  a  fmall  diftance.  For  in  that  cafe  the  hounds  did' 
not  venture  to  bark,  but  crept  quite  clofe  to  the  Hottentots ;  and  our  oxen  and  horfes  fighed 
deeply,  frequently  hanging  back,  and  pulling  (lowly  with  all  their  might  at  the  ftrong 
ftrap6  with  which  they  were  tied  to  the  waggon.  They  alfo  laid  themfelves  down  on  the 
ground,  and  flood  up  alternately,  as  if  they  did  not  know  what  to  do  with  themfelves,  and 
even  as  if  they  were  in  the  agonies  of  death."  He  adds  that  "  when  the  lion  roars,  he 
puts  his  mouth  to  the  ground,  fo  that  the  found  is  equally  diffufed  to  every  quarter.'9  M. 
de  Buffon  (xviii.  31.)  defcribes  the  roaring  of  the  lion  as*  by  its  edioes  refembling  thun- 
der: and  Sparrman  c.  12.  mentions  that  the  eyes  of  the  lion  can  be  feen  a  confiderable 
diftance  in  the  dark,  and  that  the  Hottentots  watch  for  his  eyes  for  their  government* 
The  phofphoiic  appearance  of  the  eye  in  the  dark  feems  common  to  all  animals  of  die 
cat  kind* 

The  terror  excited  by  thefe  animals  is  not  confined  to  brutes  alone.  A  perfon  of  the 
name  of  Draper  had  gone  in  the  year  1770*  to  hunt  on  the  Kanhawa.  He  had  turned  his 
horfe  loofe  with  a  bell  on,  and  had  not  yet  gone  out  of  hearing  when  his  attention  wa* 
recalled  by  the  rapid  ringing  of  the  bell.  Sufpe&ing  that  Indians  might  be  attempting  to 
take  off  his  horfe,  he  immediately  returned  to  him,  but  before  he  arrived  he  was  half  eaten 
up.  His  dog  fcenting  the  trace  of  a  Wild  beaft,  he  followed  him  on  it,  and  foon  came  in 
light. of  an  animal  of  fuch  enormous  fizc,  that  though  one  of  our  mod:  daring  hunters  and 
beft  markfaten,  he  withdrew  inftantly,  and  as  filently  as  poffible,  checking  and  bringing  off 
his  dog.  He  could  recoiled  no  more  of  the  animal  than  his  terrific  bulk,  and  that  hi» 
general  outlines  were  thofe  of  the  cat  kind.  He  was  familiar  with  our  animal  mifcalled 
the  panther,  with  our  wolves  and  wild  beafts  generally,  and  would  not  have  miftaken  nor 
ihrunk  from  them. 

In  fine,  the  bones  exift :  therefore  the  animal  has  exifted.  The  movement*  of  nature 
are  in  a  never  ending  circle.  The  animal  fpecies  which  has  once  been  put  into  a  train  of 
*  motion,  is  ftill  probably  moving  in  that  train.  For  if  one  link  in  nature's  chain  might  be 
loft,  another  and  another  might  be  loft,  till  this  whole  fyftem  of  things  fliould  evanUh  by 
piece-meal;  a  conclufion  not  warranted  by  the  local  difappearance  of  one  or  two  fpecies 
of  animals,  and  oppofed  by  the  thoufands  and  thoufands  of  inftances  of  the  renovating 
power  conftantly  exercifed  by  nature  for  the  reproduction  of  all  her  fubje&s,  animal,  vc- 

•  Gentleman'*,  and  London  Magazines,  for  1733. 
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getahle,  and  mineral.  If  this  animal  then  has  once  exifted,  ft  is  probable  on  this  general 
view  of  the  movements  on  nature  that  he  (till  exifts,  and  rendered  (till  toore  probable  by 
the  relations  of  honeft  men  applicable  to  him  and  to  him  alone.  It  would  indeed  be  but 
conformable  to  the  ordinary  economy  of  nature  to  conjecture  that  {he  had,  oppofed  fufli-, 
cient  barriers  to  the  too  great  multiplication-  of  fo  powerful  a  deftroyer.  If  Sons  and  tygera 
multiplied  as  rabbits  do,  f  r  eagles  as  pigeons,  all  other  animal  nature  would  have  been  long 
ago  deftroyed,  and  themfelves  would  have  ultimately  extinguMhcd  after  eating  out  their 
pafture.  It  is  probable  then  that  the  great-daw  has  at  all  times  been  the  rareft  of  animals. 
Hence  fo  little  is  known,  and  fo  Httle  remains  of  him.  His  exiftence  however  being  at 
length  difcovcred,  enquiry  will  be  excited,  and  further  information  of  him  will  probably 
be  obtained. 

The  Cofmogony  of  M.  de  Bufibn  fuppofes  that  the  earth,  and  all  the  other  planets  pri- 
mary and  fecondary,  have  been  mafles  of  melted  matter  (truck  off  from  the  fun  by  the  in- 
cidence of  a  comet  on  it :  that  thefe  have  been  cooling  by  degrees,  firft  at  the  poles,  and 
afterwards  more  and  more  towards  their  equators:  confeqnently  that  -on  our  earth  there 
has  been  a  time  when  the  temperature  of  the  poles  fuited  the  conftitution  of  the  elephant,. 
die  rhinoceros,  and  hippopotamus;  and  in  proportion  as  the  remoter  zones  became  fuc~ 
ceflively  too  cold,  thefe  animals  have  retired  more  and  more  towards  the  equatorial  regions, 
till  now  that  they  are  reduced  to  the  torrid  zone  as  the  ultimate  ftage  of  their  exiftence 
To  fuppftt  this  theory,  he  *  affumes  the  tufks  of  the  mammoth  to  have  been  thofe  of  an. 
elephant,  fome  of  his  teeth  to  have  belonged  to  the  hippopotamus,  and  his  largeft  grinders 
to  an  animal  much  greater  than  either,  and  to  have  been  depofitcd  on  the  MUTouri,  the 
Ohio,  the  Holfton,  when  thofe  latitudes  were  not  yet  too  cold  for  the  conftitutionsol  thefe 
animals.  Should  the  bones  of  our  animal,  whkb  may  hereafter  be  found,  differ  only  in 
fize  from  thofe  of  the  lion,  they  may  on  this  hypothefis  be  claimed  for  the  lion,  now  alfo 
reduced  to  the  torrid  aone,  and  its  vicinities*  and  may  be  confidered  as  an  additional  proof 
of  this  fyftem  i  and  that  there  has  been  a  time  when  our  latitudes  fuited  the  lion  as  well  as 
the  other  animals  of  that  temperament*  This  is  not  the  place  to  difcufs  theories  of  the. 
earth,  nor  toqucftion  the  gratuitous  allotment  to  different  animals  of  teeth  not  differing  in 
any  circumftanee.  But  let  us  for  a  moment  grant  this  with  his  former  poftulata,  and  afli 
how  they  wUl;  confift  wkh  another  theory  of  his  "  qu'il  y  a  dans  la  combinaifon  des  eleraens 
et  des  autres  eaufes  phyfiqucs,  quelque  chofe  de  contraive  a  L'aggrandi&ment  de  la.  nature 
vivante  dam  u  nouvtau  month  \  qu'il  y  a  des  obftaclcs  au  developpement  et  peutetre  a  la 
formation  des  grands  germest."  He  (ays  that  the-  mammoth  was  an  elephant,  yet  %  two 
or  three  times  as  large  as  the  elephants  of  Alia  and  Africa  t  that  fome  of  his  teeth  were 
thofe  of  a  hippopotamus,,  yes  of  a  hippopotamus  $< four  times  aa  large  as  thofe  of  Africa: 
that  the  mammoth  himfetf,.  for  he  (till  confiders  him  as  a,  diftinft  animal  If,  "  was  of  a  fize 
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fupcrior  to  that  of  the  largeft  clcphanti.  That  he  was  the  primary  and  greateft  of  all 
terrcftrial  animals."  If  the  bones  of  the  megalonyx  be  afcribed  to  the  lion,  they  muft  cer- 
tainly have  been  of  a  lion  of  more  than  three  times  the  volume  of  the  African*  I  delivered 
to  M.  de  Buffon  the  fkeleton  of  our  palmated  elk,  called  orignal  o  r  moofe,  feet  high 
over  the  (houlders,  he  is  often  confidently  higher.  I  cannot  find  that  the  European  elk  is 
more  than  two-thirds  of  that  height :  confequently  not  one-third  of  the  bulk  of  the  Ame- 
rican. He  *  acknowledges  the  palmated  deer  (daim)  of  America  to  be  larger  and  ftronger 
than  that  of  the  Old  World.  He  f  confiders  the  round  horned  deer  of  thefe  States  and  of 
Louifiana  as  the  roe,  and  admits  they  are  of  three  times  bis  fize.  Are  we  then  from  all 
this  to  draw  a  conclufion,  the  rcverfe  of  that  of  M.  de  Buffon.  That  nature,  has  formed 
the  larger  animals  of  America,  like  its  lakes,  its  rivers,  and  mountains,  on  a  greater  and 
prouder  fcale  than  in  the  other  hemifphere  i  Not  at  all,  We  are  to  conclude  that  (he  has 
formed  fome  things  large  and  fome  things  fmall,  on  both  fides  of  the  earth,  for  reafons 
which  (he  has  not  enabled  us  to  penetrate ;  and  that  we  ought  not  to  (hut  our  eyes  upon  one 
half  pf  her  fa&s,  and  build  fyftems  on  the  other  half. 

To  return  to  our  great-claw;  I  depofit  his  bones  with  the  Fhilofdphical  Society,  as  well 
in  evidence  of  their  exiftence  and  of  their  dimenfions,  as  for  their  fafe-keeping ;  and  I  (hall 
ihink  it  my  duty  to  do  the  fame  by  fuch  others  as  I  may  be  fortunate  enough  to  obtain  the 
recovery  of  hereafter. 

TH:  JEFFERSON. 
MonticeUo.  Feb.  IO/A,  17970 

P.  S.  March  loth,  1797.  -After  the  preceding  communication  was  ready  to  be  delivered 
in  to  the  Society,  in  a  %  periodical  publication  from  London  I  met  with  an  account  and 
drawing  of  the  fkeleton  of  an  animal  dug  up  near  the  river  La  Plata  in  Paraguay,  and  now 
mounted  in  the  cabinet  of  Natural  Hiftory  of  Madrid.  The  figure  is  not  fo  done  as  to  be 
relied  on,  and  the  account  is  only  an  abftra&  from  that  of  Cuvier  and  Roume.  This 
fkeleton  is  alfo  of  the  clawed-kind,  and  having  only  four  teeth  on  each  fide  above  and 
below,  all  grinders,  is  in  this  account  clafled  in  the  family  of  unquiculated  quadrupeds 
deftitute  of  cutting  teeth,  and  receives  the  new  denomination  of  megatherium,  having 
nothing  of  our  animal  but  the  leg  and  foot  bones,  we  have  few  points  for  a  comparifon 
between  them.  They  refemble  in  their  ftaturc,  that  being  12  feet  9  inches  long,  and 
6  feet  44  inches  high,  and  ours  by  computation  5  feet  1.75  inches  high :  they  are  alike  in 
the  coloflal  thicknefs  of  the  thigh  and  leg  bones  alfo.  They  refemble  too  in  having  claws : 
but  thofe  of  the  figure  appear  very  fmall,  and  the  verbal  defcription  does  not  fatisfy  us 
whether  the  claw-bone,  or  only  its  horny  cover  be  large.  They  agree  too  in  the  circum- 
ftance  of  the  two  bones  of  the  fore-arm  being  diftinft  and  moveable  on  each  other ;  which 
however  is  believed  to  be  fo  ufual  as  to  form  no  mark  of  diftin&ion.    They  differ  in  the 

•  Buffon,  xxix.  145.  f  Ibid.  xii.  91;  91*  xxix.  245.  Vide  Suppl.  20s* 
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following  ciflcumftancts,  if  our  relations  are  to  be  traded.  The  megatherium  is  not  of  the 
cat  form,  as  are  the  lion,  tyger,  and  panther,  but  is  faid  to  hare  ftriking  relations  in  all 
parts  of  its  body  with  the  bradypus,  dafypus,  pangolin,  &c.  According  to  analogy  then, 
it  probably  was  not  carnivorous,  had  not  the  phofphoric  eye,  nor  leonine  roar.  But  to' 
folve  fatisfa&orily  the  quedion  of  identity,  the  difcovery  of  fore-teeth,  or  of  a  jawbone* 
(hewing  it  had,  or  had  not,  fuch  teeth,  mud  be  waited  for,  and  hoped  with  patience.  It 
may  be  better,  in  the  mean  time,  to  keep  up  the  difference  of  name. 


IV. 

A  Letter  from  Mr.  Jonu  Heckewelder,   to  Dr.  Barton,  giving  fomt  account  of  the. 

remarkable  InftinQ  of  a  Bird  called  the  Ninc-KUler*. 

Bethlehem,  December  18th,  1795. 
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AVING  an  opportunity  by  a  friend  of  mine  to  Philadelphia,  I  mud  mention  to  you  a 
curious  fad,  that  came  to  my  knowledge  but  yederday. 

I  went  to  a  farm,  about  eleven  miles  and  a  half  from  this  place,  to  view  a  young  orchard, 
which  had  been  planted,  about  five  weeks  ago,  under  my  direction,  where  on  viewing  the 
trees,  I  found,  to  my  great  adonifliment,  almod  on  every  one  of  them,  one  and  on  fome 
two  and  three  grafshoppers,  duck  down  on  the  (harp  thorny  branches,  which  were  not 
pruned  when  the  trees  were  planted.  I  immediately  called  the  tenant,  and  afked  the  reafon 
and  his  opinion  of  this.  He  was  much  furprifed  at  my  ignorance  about  the  matter,  and 
informed  me,  "  that  thefe  grafshoppers  were  duck  up  by  a  fmall  bird  of  prey,  which  the 
Germans  called  Neun-toedter  (in  Englifh,  Nine-killer) ;  that  this  bird  had  a  praftice  of 
catching  and  dicking  up  nine  grafshoppers  a  day,  and  that  as  he  well  knew  they  did  not 
devour  the  grafshoppers,  nor  any  other  infe£ts,  he  thought  they  mud  do  it  for  pleafure* 
I  afked  him  for  a  defcription  of  this  bird,  and  was  perfe&ly  fatisfied  that  it  lived  entirely 
on  fmall  animals,  fuch  as  fmall  birds,  mice,  &c.  for  I  had  paid  attention  to  this  bird  as 
early  as  the  year  1761,  when,  in  the  winter,  one  of  the  fame  fpecies  took  a  favourite  little 
bird  out  of  my  cage  at  the  window,  from  which  time  I  have  watched  them  more  clofely, 
and  have  found  them  more  numerous  in  the  wedern-country  than  here.  Not  being  fatis- 
fied with  what  the  tenant  had  told  me  refpe&ing  the  intention  of  the  bird's  doing  all  this 
(viz.  for  diverfion  fake),  and  particularly  obferving  each  and  every  one  of  thefe  grafs- 
hoppers duck  up  fo  regularly,  and  in  their  natural  pofition  as  when  on  the  ground,  not 
one  of  them  having  its  back  downwards,  I  began  to  conje&ure  what  might  be  the  real  in- 
tention which  the  bird  had  in  this,  and  my  determined  opinion  was,  that  this  little  bird- 

•  Addrefled  to  Dr.  Benj.  Smith  Barton,  and  inferted  in  the  Tranfa&ions  of  the  American  Philof. 
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hawk,  by  inftin ft,  made  ufc  of  this  art,  in  order  to  decoy  the  fmallcr  birds,  which  feed  on 
infe£ts,  and  by  thefe  means  have  a  fair  opportunity  of  catching  them.  All  this  I  commu- 
nicated to  my  friends,  on  my  return  home,  and  they  were  not  lefs  aftonifhed  at  what  I  had 
related  to  them,  than  I  had  been  on  difcovering  the  fa£t.  It  being  agreed  that  one  or 
more  gentlemen  of  learning  and  obfervation  fhould  more  minutely  examine  into  this  mat- 
ter, the  proprietor  of  this  farm,  with  another  gentleman  and  myfelf,  went  this  day  out  for 
the  purpofe,  and  viewing  the  grafshoppers  on  a  number  of  thefe  (mall  trees  (fome  of 
which  we  cut  off,  and  took  home),  we  returned  to  the  tenant,  who  not  only  himfelf  but 

1  alfo  his  father  and  fitter  gave  us  the  beft  aiTurances,  that  they  had,  long  fince,  and  from 
time  to  time,  obferved  this  bird  catching  grafshoppers  and  (licking  them  up  in  the  manner 
already  related,  and  that  fomctimes  they  had  obferved,  in  places  where  this  fpecies  of  bird 
keeps,  numbers  of  grafshoppers  ftuck  up  on  a  thorn-bufh  in  like  manner.  The  Reverend 
Mr.  V.  Vleck  is  perfe&ly  fatisfied  that  this  bird-hawk  is  the  Lanius  Canadenfis  (in  Bar- 
tram*),  and  has  obligingly  communicated  the  following  account  of  this  little  bird-hawk 
to  me  :  it  is  extra&ed  from  a  German  publication  printed  at  Goettingen,  in  1778,  under 
the  title  of  "Natural  Hiftory  for  Children,  by  M.- George  Chriftian  Paff,"  who  after 
giving  a  defcriptiou  of  the  different  fpecies  of  this  bird,  concludes  thus  :  "  Why  is  this 
bird  of  prey  called  the  nine-killer  i  Becaufe  it  is  faid  to  have  the  habit  of  (ticking  beetles 
or  other  infe£ts,  and  perhaps  fometimes  nine  of  them  in  fucceflion,  upon  thorns,  that  they 
may  not  efcape  until  he  has  leifure  to  devour  them  all  at  once.  And  for  the  fame  reafon, 
it  is  fometimes  called  the  thorn-dicker."  Now  by  the  above  account,  we  fee  that  it  is 
known  in  Europe  that  this  fame  fpecies  of  birds  a&ually  does  ftick  -up  infe&s  of  different 
kinds  on  thorns,  &c.  but  it  is  fuppofed  they  eat  them  immediately  after  being  (hick  up. 
Here  the  cafe  is  quite  otherwife.  They  remain  ftuck  up,  for  we  muft  fuppofe  thefe  to 
have  been  ftuck  up  at  leaft  fome  weeks  ago,  and  before  the  hard  frofts  fet  in.  The  very 
birds  (as  we  fuppofe)  that  ftuck  them  up  are  now  on  the  fame  ground,  watching  the 
fmaller  birds  that  come  out  to  feed,  and  have  been  feen  catching  the  latter  but  a  few. days. 

•  ago.  If  it  were  true,  that  this  little  hawk  had  ftuck  them  up  for  himfelf;  how  long  would 
he  be  feeding  on  one  or  two  hundred  grafshoppers  ?  But  if  it  be  intended  to  feduce  the 
fmaller  birds  to  feed  on  thefe  infefts,  in  order  to  have  an  opportunity  of  catching  themy 
that  number,  or  even  one  half,  or  lefs,  may  be  a  good  bait  all  winter :  and  all  of  us,  who 
have  conGdered  thefe  circumftances,  are  (irmly  of  opinion,  that  thefe  infe&s  thus  ftuck  up, 
are  to  ferve  as  a  bait,  &c.  through  the  courfe  of  the  winter. 

You  will  readily  excufe  my  being  fo  lengthy  on  this  fubjeft.  The  matter  appeared  to 
me  of  too  much  confequence  to  pafs  over  haftily.  I  (hall  be  glad  to  hear  your  opinion  oa 
this  fubjeft. 


•  I  do  not  find  that  Mr.  Bartram  has  mentioned,  in  any  part  of  his  Travels,  a  Lanius  Canadenfis. 
Since  the  date  of  this  letter,  Mr.  Heckewelder  has  favoured  me  with  a  well  preferved  fpecimen  of  the  bif  d- 
bawk.    It  proves  to  be  the  Lanius  Excubitor  of  Linnaeus,  the  great-fhrike  of  Mr.  Pennant.    B.  S.  B. 

I  fend. 


■    * 


Letter  from  Dr.  Beddot:  on  the  Nitrous  Oxide. 


7$ 


I  fend  you  a  few  of  thefe  grafshoppers,  as  I  cut  them  from  the  tree*.    They  being  hard 
and  dry,  moft  of  their  legs  broke  off  in  taking  them  home.    - 

I  am,  with  great  refpeft, 
Dear  Sir, 

Tour  moft  obedient  and 

# 

Humble  Servant, 
•  JOHN  HECKEWELDER. 


■  .  i. 


V. 

tetter  from  Dr.  Beddoms  on  the  Experiments  made  at  the  Royal  Injlitution  with  the 

Nitrous  Oxide. 


To  Mr.  NICHOLSON. 


SIR, 


Clifton,  i-jtb  April. 


T, 


HOUGH  I  mult  be  too  well  aware  of  the  caufes  of  variation  in  medical  and  phyfio- 
logical  teftimony,  to  be  much  moved  by  groundlefs  contradi&ion,  yet  I  own  I  did  expeft 
that  competent  experimenters  would  nearly  agree  in  their  reports  of  the  effeft,  produced 
by  refpiring  the  nitrous  oxide. 

A  few  days  ago,  however,  I  was  well  informed,  that  on  trial  at  a  refpeftable  inftitution 
in  London,  the  gas  had  fallen  far  fliort  of  what  Mr.  Davy  and  myfelf  had  taught  the  public 
to  expeft.  The  gentleman  who  brought  this  intelligence  being  at  Clifton,  it  was  eafy  to 
give  him  perfonal  proof  of  our  fidelity. 

Yefterday  my  friend  Mr.  William  Reynolds,  of  Ketley,  in  Shropfhire,  aflured  me  that 
he  had  himfelf  refpired  the  gas  at  the  inftitution  in  London  to  no  purpofe  j  and  that  moft 
others  had  done  the  fame.  The  agency  of.  the  nitrous  oxide  is  much  too  diftinft  and  cer- 
tain to  leave  a  doubt,  but  that  there  mult  be  fome  ftrange  miftake  here.  On  feeing  a 
paralytic  patient  take  it,  Mjr.  W.  R.  was  at  once  aware  of  the  reafon  (at  leaft,  of  one 
fufficient  reafon)  for  the  failures  in  town,  and  on  refpiring  a  very  fmall  quantity  indeed, 
he  felt  effe&s  exa&ly  the  fame  in  kind,  as  the  agreeable  ones  defcribed  in  my  notice.  He 
had  previoufly  inhaled  atmofpheric  air  without  knowing  it  to  be  fuch.  He  expatiated 
with  fatisfa&ion  on  the .  fenfations  now  excited  by  the  nitrous  oxide,  and  faid  he  fliould  like 
another  dofe.  On.  being  afked,  if  he  had  felt  any  fuch  defire  after  the  experiment  in  town, 
he  anfwered,  no  *not  the  leaft.  We  are  conftantly  accuftomed  to  the  eager  expreffion  of 
this  defire. 

L  2  In 


• 


}6  Ntirous  Oxidt  >*-&<>£  s  Mercury. 

In  our  ample  experience,  we  have  Apt  found  the  experijnent  to  foil  above  once  in  twenty 
times.  With  a  given  degree  of  accuracy  and  perfeveraoce,  it  would*  I  apprehend,  rkwr 
fail.    I  do  not  mean  that  the  refult  would  be  always  agreeable. 

The  gas  being  procured  genuine,  the  lungs  (hould  be  emptied  by  a  ftrong  expiration, 
the  nofe  held  tight,  and  the  lips  exa&ly  clofed  on  the  mouth-piece.  From  5  to  8  quarts 
breathed  backwards  and  forwards  into  the  refervoir  (a  proceeding  of  which  Mr.  Davy's 
refearches  will  (hew  the  propri&ty)  h?ve  proved  an  average  dofe.  The  feelings  will  deter- 
mine the  time*  To  die  byfterical  and  the  exquiGtely  fenGble,  ^the  gas  (hould  not  be  ad- 
miniftered. 

■ 

It  is  very  well  to  know  from  a&ual  trial,  what  the  London  experiments  prove,  that  in- 
terrupted refpirations,  during  which  the  gas  is  probably  much  diluted  with  refiduary  air  in 
the  lungs,  can  feldom  have  effed.  This,  however,  an  obferver  of  any  fagacity  could 
have  predi&ed. 

A  laborious  analyfis,  and  the  refult  of  a  vaft  variety  of  careful  observations,  will  ere  long 
appear,  to  correft  the  miTconceptions  which  may  have  arifen  from  loofe  cafual  trials. 
Meanwhile,  I  beg  you  to  infert  this  explanation  in  your  valuable  Journal.  I  think  it  of  no 
fmall  importance  to  mankind,  that  there  {hould  exift  nothing  to  prevent  this  great  agent 
from  being  employed,  whenever  dired  experience  or  circumfpeft  analogy  warrants  its  ufe« 

I  am,   Sir, 

Refpe&fully  your's, 

THOMAS  BJBPDOE& 


VI. 

On  tie  colouring  Afatttr  »fDogrs  Mercury  (Mtrcuriafa  ptrtnnis  Un.J    By  a  Corrcfton&ni* 


To  Mr.  NICHOLSON. 
SIR> 


RjESl 


SEARCHES  concerning  the  colouring  principles  of  vegetable  fubftances,  have  been 
very  general  and  extenfive;  but  I  have  never  read  any  thing  concerning  the  colour 
which  refides  in  the  juice  of  dog's  mercury,  and  therefore  conclude,  that  the  properties 
of  this  vegetable  are  not  very  generally  known. 

The  herb  grows  plentifully  in  woods  and  hedges.  Its  medical  virtues  are  at  prefent 
negle&ed  \  and  it  is  never  removed  from  its  foUtary  abode  for  any  ufeful  purpofe,  but  the 
inftru&ion  of  the  botanift.  Accident  may,  perhaps,  h?ve  difclpfed  this  frft  to  him,  that 
its  juice  affords  a  blue  (lain  or  colour :  any  Qne>  boweveri  may  afecrtain  its  truth  by  the 
following  eafy  experiment  1 

Take 


Colouring  Matter  of  Dog* s  Mercury :  yf 

Take  a  ftalk  of  the  herb;  rub  the  broken  end  upon  a  piece  of  fine  white  paper;  and 
fqueeze  out  fome  of  the  juice.  No  difference  will  be  perceived  at  fird,  where  the  juice 
has  touched  the  paper,  but  fome  hours  afterwards  it  will  be  ftained  blue. 

This  colour  is  in  the  greateft  perfection,  when  the  herb  is  young,  and  contains  the 
moll  juice,  the  thinned  and  moft  colourlefs  part  of  which  produces  the  beft  blue  :  and  it 
will  be  *  found  by  the  experiment,  that  when  the  ftalk  is  very  forcibly  fqueezed,  the 
paper  is  coloured  rather  green  at  firft,  and  never  becomes  of  a  good  colour.  On  the 
contrary,  the  place  touched  with  the  cleared  and  thinned  part  of  the  juice,  difcovers  no 
colour  for  many  hours,  but  at  lad  exhibits  the  fined  blue  contained  in  the  vegetable. 
This  colour  is  not  very  durable,  but  after  fome  time  turns  to  a  red,  which  will  continue 
for  years. 

A  friend  of  mine,  Mr.  R.  P.  to  whom  I  communicated  thefe  properties  of  the  juice, 
and  requeded  him  to  devife  fome  experiments,  introduced  fome  of  the  leaves  and  dalks  of 
the  herb,  into  a  fmall  phial  containing  a  folution  of  prepared  ammonia,  and  in  a  little  time 
the  folution  was  coloured  blue. 

The  herb,  when  dry,  exibits  no  particular  appearance ;  but  the  roots,  which  are  long, 
{lender,  and  white,  when  dried,  difcover  in  fome  places  a  fine  blue  tinge  upon  the  outer 
(kin  ;  and  if  a  quantity  be  deeped  in  water,  it  becomes  of  a  blue  colour,  which  afterwards 
turns  red. 

A  folution  of  ammonia  extrafts  the  colour  much  fooner  than  water  alone,  and,  I  think, 
improves  it. 

Some  years  ago,  I  difcovered  that  the  juice  would  ftain  a  blue  colour  when  laid  upon 
a  piece  of  white  paper  or  fine  white  cloth ;  previous  to  that,  however,  I  underftood,  that 
certain  individuals  had  endeavoured  to  procure  a  body  of  Colour  from  this  vegetable;  but 
of  their  fuccefs,  or  the  methods  of  conducing  their  procefles>  I  could  learn  nothing 
with  certainty. 

The  properties  of  this  vegetable  appear  lingular  to  me,  and,  if  they  are  not  generally 
known,  may  perhaps  defervc  the  attention  of  your  philofophical  readers*  as  the  elucida- 
tion of  the  fubjeft  feems  likely  to  be  of  fome  advantage  to  the  arts. 

It  is  proper  to  be  obfcrved,  that  as  the  plant  is  of  a  poifonous  nature,  it  mud 
not  be  carelefsly  ufecL  , 

lam,  Sir,. 

Your  humble  (Servant,  < 

C. 

April  lythy  1800. 


Account 
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VII. 

Account  of  a  Wojk  entitled  ,c  The  Observations  of  Newt  oh  concerning  the  Inflexions  of 
Light 5  accompanied  by  other  Obfervations  differing  from  his  \  and  appearing  to  lead  to  a 
change  of  his  Theory  of  light  and  Colours."    By  a  Correjpondent. 


T> 


HIS  anonymous  work  confifts  of  the  obfervations  of  Newton  concerning  the  inflec- 
tions of  light  contained  in  his  third  Book  of  Optics,  reprinted,  and  accompanied  by  new 
fads  and  obfervations  *  made  concerning  the  fame  phenomena,  together  with  inferences,; 
which  differ  altogether  from  thofe  of  Newton. 

In  his  firft  obfervation,  Newton,  repeating  an  experiment  of  Grimaldi,  perceived  as  he 
Tiad  done,  that  in  a  beam  of  folar.  light  paffing  through  a  fmall  hole  -£?  °f  an  inch  wide, 
the  breadth  of  the  (hadow  df  a  hair  obferved  at  a  distance  from  the  hole,  was  confidetably 
greater  than  that  of  the  hair  itfelf.  This  he  conceived  could  only  be  effc&ed  by  a  repulfive 
power  in  the  hair  upon  the  parallel  rays  of  the  beam,  turning  the  light  afide  from  the 
(hadow,  and  rendering  the  (hadow  confidently  broader  than  it  ought  to  be,  if  the  rays  pafied 
by  in  right  lines.  By  a£tual  meafurement  he  further  ascertained,  that  the  (hadow  was 
broader  in  proportion  to  the  diftance  from  the  hair  when  nearer,  than  when  farther  from 
it ;  and  this  he  imagined  to  depend  upon-  the  diminution  of  the  repulfive  power  upon  the 
more  diftant  rays  of  light,  in  confequence  of  which  they  were  lefs  turned  afide  from, 
and  therefore  in  their  progrefs  invaded  and  reduced  the  dimenfions  of  the  (hadow. 

This  of  Newton  is  followed  by  an  obfervation  marked  «,  of  the  fame  appearances. 
In  which  the  firft  thing  noticed  is,  that  the  beam  of  light  afcer  pafiage  through  the  fmall 
hole,  is  no  longer  a  beam  of  parallel  rays,  as  Newton  fuppofed,  and  has  drawn  it  in  his 
figure,  but  confifts  ,of  divergent  rays.  This  is  proved  to  be  the  cafe  by  a£tual  meafure- 
ment, due  allowance  being  made  for  the  penumbral  light  of  the  fun,  and  is  dated  to  ap- 
pear  more  clearly  by  immediate  infpe&ion  of  the  various  changes  produced  in  the  beam. 
This  divergence  is  afcribed  to  "the  well  eftab  lifted  principle  of  an  attra&ive  force  exercifed 
by  bodies  upon  light,  in  confequence  of  which  when  the  hole  js  very  fmall,  its  edges  a& 
upon  the  whole  of  the  paffing  light,  and  render  it  altogether  divergent. 

In  fuch  divergent  light,  therefore,  the  (hadows  of  bodies  ought  to  be  of  dimenfions  con- 
siderably greater  than  the  bodies  themfelves,  in  proportion  to  the  divergence  of  the  rays, 
and  to  the  diftance  of  obfervation.  This  proportion,  however,  is  not  cxa&ly  preferred, 
becaufe  the  rays  in.  paffing  by  the  hair,  undergo  from  the  attratHon  of  the  hair  a  change  of 
dire&ion  towards  the  (hadow,  in  confequence  of  which  the  (hadow  is  really  lefs  broad>  than 
it  would  have  been  if  the  rays  had  pafled  in  right  lines,  and  this  proportion  of  the  (hadow 
is  greater  at  fmaller,  than  at  larger  diftances.    Thefe  things  are  clearly  (hewn  by  a  figure. 


« 


The  obfervations  of  the  author  are  defiguatcd  by  the  letters  e*,  ft  y,  2,  Sec,  of  the  Greek  alphabet. — N. 

and 
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and  the  principle  of  attradion  b  fo  welt  eftabliflied,  as  to  leave  no  doubt  of  its  affording 
the  proper  explanation  of  thefe  appearances. 

In  oppofition  to  the  authority,  of  Newton,  he  is  quoted  againft  himfelf.  Five  paflages 
are  produced  from  his  works,  which  prove,  that  on  different  occafions  he  rcafoned  incon- 
fiftently  and  contradi&orily  concerning  thefe  phenomena.     > 

This  obfervation  is  concluded  with  the  curious  remark,  that  ftridly  fpeaking,  all  this 
reafoning  has  been  applied,  to  what  in  h€t  is  not  a  fliadow,  formed  by  the  interception  of 
light  by  the  body,  as  appears  in  a  fubfequent  obfervation  y,  but  a  dark  interval  of  the 
nature  of  thofe  obferved  between  the  fringes  of  colours  afterwards  mentioned.    So  little 
have  thefe  phenomena  been  underftood  ! 

The  fecond  and  third  obfervations  of  Newton  next  follow,  and  are  fucceeded  by  the 
author's  obfervation  0,  in  which,  inftead  of  only  three  noticed  by  Newton  at  the  termi- 
nation of  the  fliadow  of  the  hair,  an  uninterrupted  fucceffion  of  fringes  are  defcribed,  the 
colours  of  which  are  dated  to  vary  fomewhat  from  thofe,  the  fringes  themfelves  admitting 
of  various  changes,  and  this  new  arrangement  being  made  with  a  view  to  analogies,  that 
are  dated  to  exift  between  thefe  and  other  fimilar  appearances,  and  in  order  that  they  may 
generally  accord  therewith,  and  with  other  obfervations  of  Newton  made  elfewhere. 

Newton's  fourth  obfervation  deferibes  the  fucceffive  appearance  of  the  three  fringes, 
with  their  dark  intervals  at  different  diftanoes  from  the  hair,  and  concludes  from  meafures 
taken,  that  the  fquares  of  the  breadths  of  the  fringes,  and  their  intervals  together,  are  in 


the  continual  progreffion 


11     1     ■     * 
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or  thereabouts.     Obfervation  7,  ftates,  that  at  a- 


very  fmall  diftance  from  the  hair,  the  fliadow  appears  diftin ft,  well-defined,  and  intenfely 
black 5  that  at  a  greater  diftance  it  is  divided  through  its  whole  length  by  a  line  of  light, 
and  changed  to  a  double  fliadow,  refembling  the  fliadows  of  two  hairs,  but  not  fo  intenfely 
black  as  before  v  and  that  at  yet  greater  diftances  the  fliadow  increafes  in  breadth,  and 
diminiflies  in  blacknefs,  whilft  the  line  of  light  putting  on  colours,  and  becoming  more 
and  more  dilute,  fpreads  over  and  difappears  within  the  fliadow,  which  again  lofes  its 
double  appearance.  The  firft  only  is  a  proper  fliadow,  which  is  quickly  invaded  and  dc~ 
ftroyed  by  the  infle&ed  lights  of  the  two  neareft  fringes  on  both  (ides  of  the  hair,  which 
meet  together  at  that  diftance  therefrom,,  and  the  apparent  double  fliadow  confifts  of  the 
two  fucceeding  dark  intervals,  which  become  (ingle  as  the  intermediate  light  becomes  di- 
lute, and  ceafes  to  appear.  This  is  what  has  been  called  a  fliadow  by  Grimaldi  and: 
Newton,  and  has  been  confidered  and  meafured  as  fuch. 

The  fringes  and  their  intervals,  as  they  are  formed  under  various  ctrcumftances,  and 
their  various  dimenfions  are  then  fliortly  noticed,  and  it  is  affirmed,  contrary  to  the  ob- 
fervation of  Newton,  that  the  breadths  of  the  fringes  and  intervals,  fo  far  from  obferving 
generally  the  proportions  affigncd  by  him,  do  vary  indefinitely  through  almoft  all  degrees, 
of  their  poffiblc  extenflon. 

According  to  the  fifth  obfervation  of  Newton,  a  beam  of  light  pafling  through,  a  hole 
\  of  an  inch  wide  by  the  edge  of  a  knife,  on  the  blade  of  which  part  of  the  light  fell,. 

exhibited: 
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exhibited  two  dreams,  of  faint,  light  (booting  out  both  ways  from  the  beam  into*  the 
(hadow  like  the  tails  of  comets,  at  an  angle  of  about  ten  or  twelve  degrees,  and  fomstimes 
farther  \  at  the  fame  time  that  a  Jine  of  light  appeared  at  the  edge  of  the  knife,  vifibie  even 
out  of  the  dire&ion  of  the  general  ligjit  from,  part*  beyond  either  the  point  or  handle  of 
the  knife.    This  light,  Newtoa  observes,  was  contiguous  to  the  edge*  and  narrower  than 
the  light  of  the  innermoft  fringe,  and  paffed  between  it  and  die  knife.    The*  author;  in  his 
observation  ly  remarks,  that  the  preceding  ctrcumftances  conftitute  only  one  of  the 
many  cafes  of  the.  inflexions  of  light  in  which  no  fringes  are  formed,  but  only  a  general 
derivation  and  divergence  of  the  rays  is  produced,  which  is  owing  to  the  pacalklifm  of 
the  rays  of  light  not  being  changed  by  their  paffage  through  the  barge  hole*  but  wherever 
the  diverging  of  a  beam  of  light  is  fuch  that  the.  inflexions  of  a  body  cair  give  them 
the  due  arrangement,  fringes  are  formed  of  endlefs  varieties  as  thefe  circumftances  vary. 
Three  cafes  of  fringes,  making,  with  the  former,  four  general  cafes  of  inflexions,  are 
then  dated  as  including  thefe  varieties,  of  appearance  as  the  difperfion  of  the  beam  from 
its  greateft,  ia  diminithed  to  its  fraalleft  ftate  of  divergency  and  to  paralleliim,  and  it  is 
explained  and  fhown  by  figures  how  the  formation  of  fringes  depends  upon  the-divergency, 
and  is  deftroyed  by  the  parallelifm  of  a  beam*    The  Newtonian  experiment  is  then  re- 
peated with  a  beam  of  light  paffed  through  a  hole  quarter  of  an  inch  wide,  in  a  plate 
of  lead,  the  two  ftreams  of  light  obfervedhy  him  concerning  the  origin  and  cxiftence  of 
which  much  doubt  and  difficulty  had  arifen  among  philofophers,  arc  (hown  to  be  owing 
the  one  to  the  edge  of  the  lead  of  the  hole,  the  other  to  the  edge  of  the  knife,  and  to  be 
produced  in  the  parallel  beam  of  light.    The  line  of  light  obferved  by  Newton  is  noticed: 
as  indeed  worthy  of  particular  attention,  being  in  a  very  remarkable  manner  derived  out 
of  the  whole  body  of  the  light  patting  by  the  edge,  and  not  merely  from  that  contiguous  to  it, 
and  not  being  narrower  than  the  inmoft  fringe,  or  paffing  within  it,  becaufe  in  this  cafe  no 
fringes  are  or  can  be  formed,  palling,  however,  at  thofe  very  points  near  the  body  at 
which,  Under  other  circumftances,  the  many  neareft  fringes  are  formed. 

According  to  obfervations  the  (ixth  and  feventh,  by  approaching  the  parallel  edge  of 
another  knife  to  that  of  the  former,  at  the  diftanoe  of  the  400th  part  of  an  inch,  juft 
before  they  touch,  the  whole  paffing  light  is  divided  into  two  dreams,  each  bent  towards 
the  neareft  edge  with  a  dark  fliadow  between  them,  which  dreams  vanifh  upon  conta£b  of 
the  knives*  their  parts  fartbeft  from  the  direel  light  vanilhing  loft.  As  the  knives,  however, 
approached  each  other,  and  before  the  (hadow  appeared,  the  three  fringes  themfelves  ap- 
peared on  the  inner  ends  of  the  ftreams  on  either  fide  of  the  direft  light,  and  grew  dif- 
tin£fcer  and  larger  until  they  all  vaniibed,  the  outmoft  firft,  the  middlemoft  next,  and 
inmoft  laft,  leaving  the  ftreams  of  light  defcribed  in  the  fifth  and  fixth  obfervations.  Thefe 
ftreams,  therefore,  Newton  concluded  paffed  by  the  edges  ac  lefs  diftances  than  any  of 
the  fringes,  and  the  fringes  at  different  diftances  accofding  to  the  order  of  their 
vanilhing. 

Obfervation 
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Observation  e  diftin£tly  dates  all  the  phenomena  that  occur  at  the  parallel  edges  of 
two  knives  in  a  beam  of  parallel  light  approaching  W wards  each  other  in  the  fame  plane. 
At  "firft  appear  two  borders  of  infle&ed  light,  one  at  each  edge,  (imilar  each  to  the  one 
before  obferved  at  the  (ingle  edge.  In  thefe  borders,  and  of  this  Jighc,  are  made  two  fets 
of  fringes,  one  at  each  edge,  which  beginning  in  the  form  of  (lender  white  ftreaks  and  dark 
intervals  on  the  edges  of  the  borders  neareft  to  the  knives  become  broader,'  and  co- 
loured, and  by  degrees  occupy  the  whole  light  between  the  edges,  forming  two  complete 
fets  of  fringes,  each  compofed  of  the  colours  before  defcribed  in  obfervation  £,  and  be- 
ginning in  the  centre  of  the  pafling  light.  Thefe  fringes  grow  broader,  then  vanifli  by 
pairs,  until  at  laft  only  one  pair,  with  a  dark  interval  between  them,  remains,  which 
decreafe  and  vanifh  upon  the  conta&  of  the  knives.  From  this  ftatement  it  appears,  that 
Newton  was  miftaken  in  considering  this  laft  pair  of  fringes  as  dreams  of  light  diftindfc 
from  the  fringes,  and  as  being  the  very  borders  themfelves  of  inflected  light  obferved  at  the 
edge  of  a  (ingle  knife,  out  of  which  they  are  indeed  formed,  and  of  which  they  really 
are  only  an  inconfiderable  part*  In  this  cafe  each  edge  by  infle&ing  gives  the  light  pafling 
neared  to  it  a  due  divergency,  and  the  other  forms  fringes  therein. 

In  obfervation  ?  a>  very  fmall  hole,  Tl5  of  an  inch  wide,  being  ufed,  gives  a  due  diver- 
gency to  the  light,  and,  therefore,  the  two  edges,  when  even  at  a  diftance,  form  fringes 
to  themfelves  of  an  arrangement  of  colours,  the  inverfe  of  thofe  in  the  preceding  obferva- 
tion indead  of  borders  of  white  light,  but  upon  their  nearer  approach  break  up  and  diflblve 
thefe,  and  by  their  more  powerful  mutual  attractions  form  fringes  in  a  contrary  order, 
(imilar  to  thofe  of  obfervation  f,  thus  exhibiting,  under  different  circumdances,  two  dif- 
ferent fets  of  fringes. 

Obfervation  *j,  (hews  that  even  in  different  didant  planes  the  fame  phenomena,  with 
due  change  of  circumdances,  are  produced  at  the  edges  of  two  knives. 

Obfervation  ^,  by  placing  parallel  Gded  plates  of  lead,  of  different  breadths,  in  a 
divergent  beam  of  light  paffed  through  a  very  fmall  hole,  produced  not  only  the  two  ufual 
fets  of  fringes  at  their  external  edges,  but  alfo  a  fecond  double  fet  within  the  fbadow 
beginning  from  the  centre  thereof,  both  fets  of  fringes  growing  broader  as  the  breadth  of 
the  lead  was  diminifhed,  and  the  fringes  in  the  (hadow  vanifliing  by  pairs,  and  at  lad  en- 
.  tirely  difappearing.  Thefe  fringes  are  the  coloured  dreaks  obferved  by  others  on  the 
fhadows  of  fmall  bodies.  Cylinders  alfo  of  fucceflively  reduced  diameters  down  to  the  hair 
of  the  firft  obfervation,  produce  the  fame  appearances,  and  even  with  the  fame  cylinder  or 
plate  of  a  due  fize,  the  fame  appearances  may  be  produced  by  diftance  or  obliquity  of 
obfervation. 

In  Newton's  eighth  obfervation  the  edges  of  the  knives  being  inclined  until  they  met, 
and  the  beam  pafling  through  a  hole  ~  of  an  inch  wide,  at  a  very  fmall  diftance  from  the 
knives  the  fringes  appeared  at,  ran  along  the  edges  and  met,  and  where  they  met  ended  ; 
but  at  a  much  greater  diftance  they  appeared  to  grow  broader  as  they  approached,  then 
met  and  croffed  each  other,  and  then  appeared  broader  than  before,  whence  he  concluded, 
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that  by  the  approach  of  the  edges  die  diftances  of  the  fringes  therefrom  are  not  increafed  or 
thangedy  hut  that  the  bendings  of  the  rays  are  thereby  inireafea\  and  that  the  neareft  knife 
determines  which  way  the  ray  {hall  be  bent,  and  the  Other  intreafes  the  bent*  Obfervation 
i,  repeats  the  experiment,  and  (hows  how  by  the  inclination  of  the  edges  all  the  ap- 
pearances' which  at  different  times  were  before  produced  by  the  fuccefliVe  approach  of  the 
edges,  are  now  all  at  one  time  exhibited  at  theif  different  diftarices  from  each  other. 
The  fringes  where  the  edges  are  diftant  are  formed  in  the  light  tendered  divergent  by  the 
fmall  hole,  where  they  appear  to  have  eroded  they  ire  made  by  each  remote-edge  in  the 
tight  bent  by  the  neareft  edge,  in  light  which,  if  the  remote  edge  tvas  abfent,  would  there 
form  the  fringes  of  the  neareft  edge ;  upon  the  approich,  therefore,  Of  the  knives,  the 
diftances  of  the  fringes  of  each  knife  are  changed  and  increafed,  contrary  to  what  Newton 
obferves,  for  they  are  then  made  in  light  beyond  that  of  the  firft  fringes  of  each  edge,  that 
light  neareft  to  each  edge  composing  then  the  fringes  of  the  remoter  edge,  and  as  efcch  edge 
thus  makes  its  fringes  in  the  light  bent  by  the  oppofite  edge,  the  nearer  it  approaches  in 
more  bent  light  will  the  fringes  be  made  ;  not  that  the  approach  bends  the  light,  it  leffens 
the  bent  by  contrary  attra&iori,  but  changing  at  the  fame  time  the  light  of  the  fringes,  it 
makes  them  in  other  light  nearer  to  the  bendirig  edge,  tad,  therefore,  more  bent  than  the 
former  light,  and,  therefore,  the  fringes  are  alfo  broader.  This  making  of  broader  fringes 
in  light  more  bent  led  Newton  into  a  wrong  conclufion.  The  light  does  not  incteafe  its 
bending  and  divergence,  the  fringes  change  their  light :  by  the  approach  of  the  edges 
they  are  made  in  light  more  bent  and  diverging,  but  the  general  bent  of  the  rays  is  really 
dimini/hed  by  that  approach,  and  whilft  the  neareft  knife  continues  to  bend  the  rays  to- 
wards itfelf,  the  other  knife  diminlfhes  that  bent. 

In  obfervation  the  ninth,  Newton  having  meafured  at  different  diftances  from  the 
knives  the  dimenfions  of  the  fringes,  intervals,  and  fhadotirs,  and  finding  that  the  dif- 
tinces  of  the  point  of  eroding  of  the  dark  lines  between  the  firft  and  fecond  fringes  from 
that  of  the  concourfe  of  the  (hadows  of  the  edges,  continually  increafed,  and  taking  it  for 
granted,  contrary  to  the  fa&,  that  thefe  gave  the  true  meafures  of  the  diftances  of  paflage 
of  the  light  itfelf  from  the  concourfe  of  the  edges,  concluded,  that  the  light  which  made 
the  fringes  was  not  the  fame  light  at  all  thofe  diftances  but  pafled  nearer  to  the  knives,  and 
was  more  bent  when  the  fringes  were  obferved  at  fmall  than  at  greater  instances.  Obferva- 
tion x,  (hows  that  thefe  increafed  dimenfions  are  merely  produced  by  the  divergency  of  the 
light  of  the  experiment,  a  circumftance  which  efcaped  Newton  in  his  firft  dbfervtftion 
alfo,  and  that,  confequehtly,  the  fringes  are  always  the  fame  at  all  diftances  of  obfervation, 
and  are  made  in  the"  fame  light  equally  bent,  and  pafiing  at  the  fame  diftance  frorn  the 

edge. 

Obfervation  the  tenth  of  Newton  is  employed  in  an  attempt  by  aftual  ineslfurement 
toafcertain  the  nature  of  the  curves  forhied  by  die  fringes  and  intervals  in  %e  preceding 
experiment.  They  are  determined  to  be  hyperbolic,  and  (heir  ,afyttiptotes  drawn.  -  The 
fringes  themfelves  are  by  hjm  feparated,  and  drftingutfcedfrbm  another  triangular  light, 
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fuppofed  to  appear  between  the  two  Wl  neaped  ths £pn.cpqffe  of  the  edges;  but  qbferva. 
tion  K  remarks,  that  this  light  iq  really  the  light  of  the  laft  pair  of  fringes  neajeft 
to  the  conppurfje  of  the  edges  exhibiting  the  appearance  and  colours  which  (hould  belong  to 
thefe  fringes  -under  fuch  drcumftaoce?,  aqd  f«W  the.ovcrfight  difcovered  with  refpefl  tp 
this  pair  of  fringes,  from  the  accuracy  required  in  the  rneafurcnients  of  thefe  fhadowy 
parts*  from  the  actual  parallelifm  of  the  lines  of  the  fringes  pn  ope  fide  to,  and  the  ap- 
parent probability  that  they  will  crofs  and  cut  the  alyrnj^otfic  lines  on  the  other  fide, 
qup  ftions  the  accuracy  of  the  determinations  refpe&ing  thefe  lines.  Observation  ft,  ftiows 
how  by  ufing  a  triangular  piece  or  cone  of  lead,  or  the  points  of  pins  of  various  fizes,  * 
inftead  of  the  parallcUGdcd  pieces  or  cylinders  of  obfervation  5,  all  the  appearances  of  that 
obfervation  are  at  once  produced  at  the  edges  of  the  triangle  or  cone. 

In  obfervation  eleventh,  Newtou  examines  the  fringes  made  by  differently  coloured 
prifmatic  light*,  and  finding  the  fringes  made  by  red  light  alone  formed  at  greateft,  by 
violet  at  fmalleft,  and  by  intermediate  colours  at  intermediate  tfiftances,  as  if  all  thofe 
lights,  were  mixed  in  the  white,  and  early  feparated  at  the  time  of  inflexiqn,  concludes 
that  the  colours  arife  not  from  any  modifications  impreffed  upon  the  rays  of  light  by  the 
hair,  but  from  fimple  Separation  by  various  inflexions  of  the  fevcral  forts  of  rays.  To. this 
mode  of  explanation  another  is  oppofed  in  obfervation  v,  namely,  that  the  different  rays 
when  apart  are,  indeed,  inflected  inf  the  fame  manner  to  make  fringes  of  various  colours, 
as  are  rays  of  the  feme  colour  when  being  at  once  yarioufly  feparated  from  white  light 
they  make,  together  with  the  reft  of  the  colours,  party-coloured  fringes.  This,  however,  is 
attributed  not  to  fimple  feparation  alone,  but  to  modification  at  the  time  of  feparation, 
which  gives  to  <ach  portion  of  the  white  light  thus  feparated  a  permanent  condition, 
diftin&  from  all  the  feparated  portions,  and  the  original  portion  out  of  which  they  wene 
feparated. 

Separating  by  inflexion  a- fmall  portion  of  white  light  into  various  colours,  and  then  re- 
turning  the  various  rays  back  again  to  the  fame  point  under  the  fame  cjreumftances,  or 
fuppofing  them  fo  returned,  they  will  unite  into  the  original  portion,  or  fuppofing  them 
returned  without  other  change  to  different  points*  they  will  move  in  parallel  lines  to  each 
other,  preferring  their  diftinft  characters;  or  if  now  a  fecond  time  returned  without 
further  change,  coming  in  the  fame  parallel  direction,  they  will  be  inflected  differently. 
Thefe  circumftances  evince  a  change  and  permanent  conftitution,  fuperinduced  upon  each 
of  thefe  portions,  and  by  which  they  are  rendered  diltinct  from  each  other,  and  from  the 
original  portion  until  their  refusion  into  the  fame,  as  a  portion  fimilar  to  that  from  which 
they  were  derived.  Thefe  fmall  portions  of  white  light  are  its  rays,  which  pafs  through 
the  intervals  between  the  particles  of  bodies  and  coloured  rays  are  always  formed  there- 
from by  fimilar  modifications,  produced  by  the  actions  of  the  particles  of  other  bodies  at 
the  fame  time,  modifying  as  well  as  feparating  them.  The  very  mode  of  diftribution  of 
the  white  light  argues  the  a&ion  of  a  principle,  modifying  as  well  as  feparating,  rather 
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than  the  exiftence  of  different  forts  of  rays,  which  may  not  eafily  be  fuppofcd  fo  numerous, 
and  capable  of  fo  regular  a  difperfion.  Thus  modification  is  eftablifhed,  as  well  as  fepa- 
ration,  and  thefc  principles  of  condition  and  formation  alone  fuit  the  phenomena.  The 
fringes  before  .obfcrved,  require  complete  fets  of  the  different  coloured  rays  to  iflue  at  the 
fame  timey  from  each  interval  or  point  of  paflage  of  the  medium.  For  this  purpofe  an  ap- 
propriate arrangement  is  required  of  the  rays,  if  of  originally  different  forts  in  different 
paffages,  and  only  mixed  in  the  white  light,  left  a  nearer  red  (hould  be  more  inflefied  than 
a  further  blue,  and  the  like,  and  this  arrangement  will  even  then  agree  with  only,  one 
ftation  of  the  inflefting  body ;  but  this  ftation  is  indifferent  in  producing  the  phenomena. 
A  confufed  mixture  therefore,  of  rays,  is  inconfiftent  with  the  phenomena,  no  collateral 
arrangement  will  anfwer  ;  and  If  all  the  different  rays  muft  be  confidered  as  paffing 
through  all  the  intervals  of  the  medium,  they  cannot  all  iflue  from,  or  be  returned  at  the 
fame  time ,  to  the  fame  place  as  the  phenomena  require.  By  fuppofing,  however,  that  the 
time  of  fucceffion  of  all  the  rays  in  the  fame  paffages  is  imperceptible  to  fenfe,  then  the 
hypotheGs  of  fimplc  feparation,  and  original  diftin&nefs  of  the  rays,  may  anfwer  for  thefe 
phenomena,  as  well  as  that  of  feparation  and  modification  ;  but  as  they  will  both  then 
anfwer  equally  well,  other  the  general  phenomena  can  alone  determine  which  is  true,  and 
by  them  they  muft  be  judged. 

Omitting,  however,  all  confideration  of  thefe  two  hypothefes,  it  is  clear,  that  in  the 
preceding  obfervatfons  concerning  inflexions,  Newton  is  miftakeh  as  to  all  the  mod  im- 
portant points.  He  has  upon  different  occafions,  endeavoured  to  eftablifh  a  power  alto- 
gether, repulfive,  or  a  power  changed  at  different  diftances  from  attra&hre  to  repulfive. 
This  repulfive  power  has  been  always  hitherto  ufed  in  pbilofophy,  to  account  for  the  re- 
flexions of  light,  and  as  it  is  clearly  (hewn  not  to  exift,  another  manner  of  accounting  for 
reflection  is  to  be  fought  for. 

The  concluding  obfervations  of  the  work  are  general.  It  is  dated  among  other  things, 
that  the  Newtonian  do&rine  of  light  and  colours  is  unfounded  as  to  both  its  principles  v 
the  constitution  of  folar  light  (queftioned  indeed  in  the  laft  obfervation),  and  the  fits 
of  eafy  tranfmiflion  and  reflection  of  the  rays.  The  fame  Author  is  preparing  to 
publifh,  Obfervations  concerning  the  Colours  of  thin  Plates,  (hewing  the  phenomena 
to  be  merely  inflections  of  light,  that  the  Newtonian  fits  of  eafy  tranfmiflion  and  reflection 
have  no  exiftence,  and  that  Newton's  doCtrine  of  the  grounds -of  the  colours  of  natural 
bodies  is  unfounded. 

The  obfervations  of  Newton  in  the  above,  work  marked  with  the  numerical  figures, 
are  printed  with  a  reduced  margin ;  the  new  obfervations  marked  with  the  letters  of  the 
Greek  alphabet,  are  printed  with  a  full  margin. 
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Singular  Inflame  of  Fecundity.    In  a  Letter  from  the  Rev.  W.  Pearson  of  Lincoln. 

To.  Mr.  NICHOLSON. 
SIR, 


I 


Was  lately  informed  by  Mr.  Morris  of  Dunham,  in  this  county,  that  he  has  an  ewe 
which  on  Friday  night,  and  Saturday  morning  lad,  yeaned  five  lambs  all  full  grown ;  which 
I  confider  as  fo  remarkable  an  inftance  of  fecundity,  that  I  am  induced  to  tranfmit  a  notice 
of  it  for  public  record  in  your  Journal.— -The  ewe  is  fomewhat  above  a  middle  fize,  and  is 
a  crofs  of  the  Lincolnfliire  and  Leicefterfliire  breeds,  three  years  old,  and  the  ram  which 
(he  was  put  to,  is  of  a  thorough  Leicefterfliire  ftock :  three  of  the  lambs  were  male,  and 
two  female ;  they  are  all  dead,  but  four  of  the  five  were  found  alive,  and  it  is  fuppofed 
would  have  furvived,  if  the  inclemency  of  the  night  had  not  ftarved  them.  The  fliepherd, 
who  vouches  for  the  veracity  of  thefe  fa&s,  afferts,  that  the  fourth  lamb  came  in  an  unna- 
tural pofition,  and  that  the  ewe  when  he  firft  went  to  her  about  midnight,  was  turned 
upon  her  back,  and  mud  have  perifhed,  on  account  of  being  in  that  pofition,  if  he  had  not 
accidentally  come  to  her  affiftance :  (he  is,  however,  perfe£Uy  recovered/  and  many  cif- 
cumftances  concur  in  proving  indubitably,  that,  though  there  were  about  thirty  other  ewes 
in  the  fame  grounds  at  the  time,  yet  the  five  lambs  in  queftion  were  all  yeaned  by  the  fame 
ewe :  I  will  mention  one  proof,  which  of  itfelf  may  fatisfy  thofe  readers,  who  may  other- 
wife  feel  difpofed  to  doubt  the  authenticity  of  my  information  .-—the  fliepherd,  upon  a 
fuppofition  that  the  two  firft  lambs  that  came  were  all  that  he  had  to  expeft,  took  them 
into  a  fhelter,  and  returned  to  take  care  of  the  ewe,  when,  to  his  furprife,  he  was  pre- 
sented with  two  more ;  thefe  were  taken  away  alfo,  and  on  his  fecond  return,  the  fifth 
was  found  dead  newly  yeaned,  and  no  other  flieep  was  near : — the  fliepherd  is  not  guilty  of 
fabricating  tales,  and  Mr.  Morris,  who  is  a  refpe&able  yeoman,  has  at  this  time  all  the 
five  (kins,  which  were  taken  from  the  lambs. 

It  may  not  be  improper  to  add,  that  the  other  ewes  of  the  fame  ftock,  and  in  the  fame 
pafture,  have  fome  two  lambs,  and  fome  only  one  each,  with  die  exception  of  one  which 
has  three  living. 

lam,  Sir, 

Your  obliged  Correfpondent, 

Lincoln,  April  14,  1800.  W.  PEARSON. 

P.  S.  Since  the  receipt  of  the  above,  the  learned  writer  has  favored  me  with  an  extraft 
from  the  Lincoln,  Rutland,  and  Stamford  Mercury  of  1 8th  laft,  dating  that  "  on  the 
24th  ult.  at  Mardon  Woole,  in  Northumberland,  an  ewe,  the  property  of  T.'Reed,  Efq. 
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yeaned  five  lambs,  four  of  which  were  then  living,  the  othej  appeared  to  be  fomethingof 
an  embryo  foetus,  though  nearly  perfeft)*  and  that  "  what  tends  to  heighten  aftonifh- 
meat,  is,  that  the  fame  ewe  has  had  aa  equal  number  at  each  time  for  two  preceding 
years."— W.  N. 


lO^iitMltHi      fc*»l«        ■*»  * 


IX. 

On  the  PheiiotMM  tf  ite  M**i*g**d  Evening  JSkw.    By  C.  A.  Prievjl  *. 

T. 
Hfe  evening  and  morning  dews  [k  Serein  et  la  rojie  f)  prefent  themfelves  fo  often  to 
pur  observation,  and  in  To  many  different  fituations,  that  it  h  iurpriftng  that  philosophers 
fliould  have  attended  fo  little  to  thefe  phehohaena,  or  that  they  (hoald  have  bctn  contented 
with  very  loofe  explanations  on  this  fubje&. 

In  the  year  i'y88,  I  hall  occafion'to  ride  out  Very  frequterttly  dn  horfeback  in  the  morn- 
ing and  the  evening,  and  being  thus  expbfed  to  the  iftipreffions  of '(he  dews,  I-was  induced 
to  meditate  particularly  oh  thefe  appearances,  "hitherto  fo  little  examined,  I  well  knew 
th^t  the  hu<hidity  depoGted  on  bodies  in  the  open  alt  at  the  fitting  of  the  fun,  is  not  the 

fame  as  is  afterward?  obferved  upon  them  at  its  rifing;  and  that  confeqtfenily  there  is  an 

■      i  •  • 

intefruption  in  the  appearance,  namely,  an  evaporation  of  the  evening  dew,  or  humidity, 
and  a  new  production  of  moifture  in  the  morning.  I  was  alfo  aware  of  that  partial  ex- 
planation, of  the  evening  dew,  by  which  it  is  faid,  that  the  diminution  of  the  heat  in  the 
air  renders  it  incapable  of  retaining  any  longer  the  water  it  had  taken  up  during  the  (Jay. 
But  why  is  there  a  wind  always  blowing  from  that  fide  of  the  horizon  occupied  by  the* fun, 
and  conftahtly  accompanying  this  precipitation  of  Water ;  and  again,  how  does  it  happen 
that  the  fame  luminary  a  fliort  time  before  its  rife,  and  even  after  having  given  a  flight 
degree  of  warmth  to  the  air  by  its  prefence,  appears  to  caufe  a  greater  cold,  a  ftrongcr 
wind,  and  a  more  abundant  precipitation  of  water  than  in  the  evening. 

To  remove  this  difficulty,  I  had  rccourfe  to  the  fundamental  principles,  by  the  affiftance 
of  which,  Monge  has  fo  ingenioufly  accounted  for  the  greater  part  of  the  phenomena  of 
meteorology \\  and  I  foon  perceived,  that  they  were  fufficient  to  explain  the  appearances 
which  formed  the  fubjeft  of  my  enquiry. 

Theft  principles,  which  it  will  be  proper  to  enumerate,  are  the  three  following ;  x.  Th« 
air  in  like  circumftances  diiTolves  more 'water  the  greater  its  denfitv,  that  is  to  fay,  the 
more  it  is  mechanically  compreffed. 

2.  And  alfo  mote  the  higher  its  temperature. 

•  From  a  letter  addrefled  to  Git.  Haflenfratz,  and  inferted  in  the  Journal  of  the.  Polytechnic  School, 
tol.  ii.  cahier  6.  p.-  409. 
+  We  have  not  diftiact  words  correfpoading  with  thefe  in  our  language  ?— N. 
X  Annales  de  Chtmie,  tome  V. 

3.  Under 
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3.  Under  equal  preflure,  and  at  like  temperatures,  air  holding  water  in  {Solution  -has  a 
v  left  fpecific  gravity  than  air ,  alone ;  and  this  fpecific  gravity  is  le&  the  greater  the  propor- 
tion of  water  fo  diflblved. 

It  mud  alfo  be  recollected,  that  the  changes  of  preflure  and  weight  which  piay  take 
pfact  in-  certain  columns  of  the  atmofphere,  mult  neceflarily  difturb  the  equilibrium*  and 
produce  motion  or  currents  in  the  fame. 

Thefe  principles  being  eftabliQied,  let  us  fuppofe  for  a  moment,  to  render  our  inquiry 
more  fimple  and  eafy,  that  the.  earth  deprived' of  its  rotatory  motion,  (hail  remain  motion* 
lefs  in  the  prefence  of  the  fun,  and  let  us  befides  difmifs  from  our  confideration  all  local 
influence,  and  in  general  all  thofe  caufes  which  might  difturb  the  regularity  of  the 
effe&.. 

In  this  (late  of  things,  what  will  be  the  cpnfequencc  with  regard  to  our  atmofphere  ? 

The  air  expofed  to  the  rays  of  the  fun  will  be  heated,  and  principally  in  the  part  copti? 
guous  to  the  earth,  on  account  of  its  greater  denfity,  and  the  reverberation  of  that  planet. 
This  heated  air  will  acquire  a  greater  diflblving  power,  and  will,  in  fa£t,  difiblve  much 
water  if  that  fluid  be  prefent.  It  will  take  it  from  the  feas,  lakes,  rivers,  pond*,  apd  other 
refervoirs,  whofe  furface  is  expofed  to  its  a&ion,  and  will  even  abforb  a  portion  of  the 
humidity  of  the  ground. 

Let  us  in  the  next  place  confider,  what  happens  in  any  afiumed  vertical  column  in  the 
atmofphere,  and  firft  in  that  placed  immediately  beneath  the  fun.  The  ;air  heated  at  the 
lower  part  diflblving  water,  and  thus  becoming  fpecifically  lighter,  will  rife,  and  be  re* 
placed  by  other  contiguous  air.  An  afcending  current  will  therefore  be  eftaMiflied  in  tfce 
column.  If  this  column  were  feparated  from  the  others,  as  if  it  were  contained  in  a  ver- 
deal  tube,  in  proportion  as  the  lower  air  rofe  loaded  with  water  the  upper  air  would  de- 
scend, become  charged  in  its  turn,  rife  and  be  replaced ;  aod  that  perpetually.  And  the 
air  holding  water  in  folution,  would  in  consequence  of  wider  faturation  from  .cold  and 
diminished  preflure,  when  it  had  arrived  at  a  certain  height,  let  fall  .the  expeft  of  water, 
and  form  a  raift  or  cloud,  which  might  continue  to  rife  by  virtue  of  its  acquired  motion, 
but  which,  after  a  certain  accumulation,  would  fall  again  in  rain.  It  may  alfo  be  con- 
ceived, that' this  tranflation  of  the  air  .upwards  and  downwards,  would  be  made  either  by  a 
mutual  infiltration,  or  currents  in  both  direftioae,  which  would  be  conftantly  and  regu- 
larly kept  up. 

But  this  is  not  entirely  the  cafe  with  our  vertical  column,  becaufe  jt  is  not  in  fa&  fepa- 
Tated  from  the  others  in  its  vicinity.  Thefe  alfo  are  fubjected  to  the  fame  operations,  with 
the  exception  only,  that  the  effects  are  lefs  the  more  remote  they  are  from  the  column 
-immediately  beneath  the  fun.  The  heat,  the  folution  of  water,  and  the  force  of  afcenfion, 
gradually  dirpinifli  as  the  diftance  from  this  central  column  increafes.  Jf  jherefore  the 
iurface  of  the  earth  were  a  plane,  the  proper  reprefentation  of  the  rifing  air  would  be  a  C0H£ 
with  itsfummit  dire&ed  to  the  fun  j  and  on  the  other  Jiand,  as  the,abfplute weight  of  each 
column  is  increafed  by  the  whole  of  the  water  it  has  diflblved,  the  equilibrium  requires 

that 
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that  there  (hould  be  on  all  fides  a  lateral  divergence,  which  muft  evidently  take  place  where 
the  preflure  is  lead.  Thus  on  the  fame  fuppofition  of  the  earth  being  a  plane,  we  fliould 
obferve  the  upper  air  defcend  and  precipitate  itfelf  along  the  fides  of  the  cone,  producing 
by  this  oblique  direction  to  the  axis,  a  current  on  all  fides  directed  from  the  fun  *  and  this 
current  would  be  increafed  by  the  vacuum  formed  at  thofe  places  where  the  air  is  fufli* 
ciently  elevated,  and  could  precipitate  its  fuperabundant  water. 

This  image  will  require  very  little  more  dification  to  apply  it  to  the  exterior  of  our  globe. 
The  conical  furface  will  be  converted  into  a  cap,  enveloping  the  enlightened  portion  of  the 
earth,  and  following  the  curvature  produced  by  the  currents. 

Infpection  alone  of  the  figure  in  Plate  3,  will  (hew  this  curvature.  The  globe  may  be 
readily  feen  placed  in  the  center  of  a  circular  ftratum,  fuppofed  to  be  filled  by  the  atmof- 
phere.,  The  circumference  of  the  earth  has  twenty-four  divifions,  from  which  are  raifed  a 
like  number  of  perpendiculars  to  its  furface,  or  vertical  lines,  in  order  to  afford  a  notion  of 
the  change  of  phenomena  from  hour  to  hour.  The  fun  fuppofed  to  be  placed  at  S,  in  the 
in  the  continuation  of  the  line  TS,  is  fuppofed  to  have  all  its  mafs  united  in  the  center; 
and  laftly,  the  curve  a,  brc%  though  arbitrarily  drawn,  becaufe  its  law  is  unknown,  will  be 
fufficient  to  fhew  the  exiftence  of  the  effects  which  we  are  interested  to  explain. 

Such,  therefore,  will  be  the  refult  of  the  fuppofed  circumftances.  Water  difiblved  by' 
the  lower  air  expofed  to  the  fun ;  a  motion  of  afcent  in  this  pare ;  defcending  divergent 
currents  on  all  fides,  fpreading  over  the  earth.  *  Thefe  currents,  moreover,  communicate 
their  water  to  the  heated  columns,  which  rife  and  diverge  laterally  ;  and  this  water  is  pre- 
cipitated, becaufe  the  air  of  the  currents  proceeding  from  the  upper  regions  is  too  cold 
to  keep  it  in  folution,  or  becaufe  the  preflure  is  lefs  from  the  diminiftied  weight  of  the 
columns,  as  their  diftance  from  the  line  immediately  beneath  the  fun  is  greater,  as  well  as 
becaufe  they  may  mix  with  other  cold  air  near  the  furface;  and  laftly,  the  ground,  and  all 
other  bodies  in  the  direction  of  this  precipitated  water,  will  be  wetted  therewith. 

The  morning  and  evening  dews  are  here  evident  to  our  confideration,  with  the  wind 
and  the  cold  which  attend  them ;  but  a  few  more  remarks  are  wanting  to  complete  the 
description.  We  muft  firft  obferve  that  the  defcending  currents  are  prolonged  till  the 
refiftance  of  the  air,  through  which  they  pafs,  has  entirely  deftroyed  their  motion.  Again, 
we  (hall  fee  immediately  beneath  the  fun,  a  circular  fpace  greatly  heated,  which  does  not 
prefent  to  the  inhabitants  of  that  region  the  phenomenon  we  have  been  describing.  As 
we  depart  from  this  fpace,  and  in  proportion  as  the  fun  appears  in  a  more  oblique  direc- 
tion, we  arrive  at  a  region  lefs  heated,  where  the  wind  from  the  direction  of  the  fun,  and 
the  precipitation  of  moifture,  begins  to  be  perceived.  This  region  forms  a  crown  round 
the  circular  fpace  before  mentioned.  And,  laftly,  by  departing  (till  more  from  the  inner 
border  of  this  crown,  the  wind  is  found  to  be  ftronger,  the  cold  more  perceptible,  and  the 
precipitation  of  water  more  abundant  ;  which  effects  afterwards  diminifli  to  a  certain 
•diftance,  and  entirely  ceafe  at  the  furface  of  the  earth  diametrically  oppofite  the  fun. 
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In  this  manner,  on  the  hypothefis  of  the  immobility  of  the  earth  with  regard  to  the 
fun,  there  would  be  beneath  that  luminary  a  very  extended  region  eternally,  and  uninter- 
ruptedly fubje&ed  to  the  phenomenon  of  the  morning  and  evening  dew,  accordingly  as  the 
obferver  was  placed  to  the  eaft  or  the  weft. 

But  let  us  now  affume  the  real  ftate  of  things,  and  reftore  to  the  earth  its  diurnal  rota- 
tion. The  preceding  phenomena  will  then  take  place  on  fucceflive  parts  of  its  furface. 
-Thofe  places  from  which  the  fun  is  defcending,  and  ready  to  fet  beneath  the  horizon,  will 
foon  perceive  the  appearance  of  the  evening  dew  with  a  weft  wind  fpringing  up,  which 
phenomena  will  increafe  gradually  till  after  the  fetting  of  the  fun,  and  then  the  effe£t  will 
diminifh  and  entirely  ceafe.  During  the  night  the  humidity  will  evaporate,  and  entirely 
difappear,  provided  the  air  be  not  already  too  much  loaded  with  moifture.  Towards  the 
next  morning,  juft  before  day-break,  the  phenomenon  will  again  prefent  itfelf  on  the 
eaftern  fide,  with  the  fame  circumftances  and  gradations,  the  maximum  of  effeft  being 
alfo  when  the  fun  is  yet  beneath  the  horizon j  but  with  this  very  remarkable  difference, 
that  the  effefts  will  be  much  ftronger  than  thofe  of  the  evening ;  that  is,  there  will  be 
more  wind,  more  moifture  depofited,  and  a  more  fenfible  degree  of  cold*  The  reafon  of 
this  is,  that  in  the  evening  the  precipitation  of  water,  the  wind,  and  the  cold  which  ac- 
accompanyit,  ought  to  be  diminifhed,  becaufe  the  whole  takes  place  in  the  vicinity,  and 
by  the  mixture  of  air  which  the  fun  has  heated  during  the  day 5  whereas  in  the  morning 
the  coldnefs  of  the  night  air  permits,  or  gives  a  much  greater  effeft  to  the  phenomenon. 

We  fee  likewife,  that  in  the  two  temperate  zones,  where  the  winter  and  fummer  have  a 
great  difference  of  temperature,  where  the  length  of  days  and  nights  vary  much,  the  ef- 
fefts  of  the  evening  and  morning  dews  are  varied  and  irregular.  In  fummer,  if  on  the 
one  hand  the  air  diflblves  more  water  in  the  day,  on  the  other  hand,  the  precipitation  of 
the  evening  dew  is  made  in  an  air  very  much  heated,  and  that  of  the  morning  dew  in  air 
which  the  (hortnefs  of  the  night  has  cooled  only  to  a  certain  point.  In  this  cafe  the  folu- 
tion  of  moifture  is  confiderable,  and  the  precipitation  little.  In  winter,  on  the  contrary, 
the  caufe  of  folution  is  lefs,  but  that  of  precipitation  more  effe&ual.  Local  circum- 
ftances, more  efpecially  the  vicinity  of  water,  mult  alfo  influence  the  effedls.  Fine 
weather  increafes,  and  renders  them  more  fenfible.  Clofe  weather  weakens  or  deftroys 
them. 

Under  the  torrid  zone  the  days  and  nights  are  more  nearly  equal,  and  at  the  equator  they 
are  equal  at  all  times.  The  difference  between  the  fummer  and  winter  temperatures  is 
kfs  confiderable  than  in  our  latitude,  and  the  Iky  is  almoft  conftantly  clear.  It  muft  fol- 
low, that  the  morning  and  evening  dews  will  be  heavier  under  this  burning  climate,  than 
elfewhere  on  the  earth.  And  this  agrees  with  the  teftimony  of  travellers.  In  Egypt,  in 
Afian  Turkey,  at  the  Antilles,  at  Mexico,  in  vcflels  failing  between  the  Tropics,  the 
morning  and  evening  dews  fall  fo  abundantly,  that  they  produce  the  fame  effe&  as  (bowers 
of  rain. 
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But  their  is  a  very  important  confequence,  which  it  feems  allowable  to  draw  from  thefe 
pheoomena  5  namely,  that  they  muft  influence  the  produttion  and  permanence  of  thp  trade 
winds.  For  every  day,  almoft  regularly,  the  air  of  the  torrid  some  being  folicked  to  move 
in  two  oppoGte  directions  by  forces  very  different  in  quantity,  it  nauft  tend  in  fad:  to  ac- 
quire and  prcferve  a  motion  or  current,  in  the  diro&ion  of  that  ftrongeft  power,  which 
in  this  cafe  is  -from  the  eaift,  being  the  wind  which  brings  the  morning  dew.  This  canie 
muft  be  the  more  efiedual,  as  it  ads  in  the  lower  part  of  the  aftnofphere,  where  we  feel 
the  trade  winds,  and  becaufe  it  affe&s  the  denfeft  portion,  and  confequenrtly -rauft  the 
more  readijy  move  the  whole. 

Under  the  glacial  zone,  where  particularly  during  the  winter  the  fun  {Scarcely  (kirns  she 
horizon  through  the  whole  day,  the  precipitation  of  water  will  he  very  conGdcrable,  hy 
reafon  of  the  coldnefs  of  the  climate,  and  a  thick  fog  will  prevail,  which  will  icarcely  be 
diflipated  in  fummer  $  but  in  winter  will  extend  far  into  the  temperate  zones.  Thus  we 
fee  during  the  winwr  feafon,  in  our  country,  very  confidence  fogs,  which  have  only  a 
feeMe  light  even  in  the  -middle  of  the  day. 

ft  would  be  curious  to  prefent  in  this  place  a  numerous  feries  of  accurate  obfervations, 
on  the  chrcumftances  which  accompany  the  morning  and  evening  dews  at  different  times 
off  the  year,  and  in  different  countries,  the  hours  at  which  thefe  phenomena  begin  and  end, 
the  tntermHTions  or  irregularities,  with  which  they  are  affected  in  different  fittsftions  ;  bat 
if  the  generality  of  the  caufes  to  which  they  are  here  attributed,  fliould  excite  the  attention 
of  philtffophersj  the  interefting  tfrfk  here  indicated  will  affuredly  and  fpeedily  he  per- 
formed. 
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H£ft£  *tfe  two  ways  of  espfeinirig  a  natural  'phenomenon.;  the  firft,  isbydif- 
covmng  the  conditions  and  chrcumftances  of  iisprodu&ion  and  the  laws  by  which  its  aftion 
is  governed;  the  fecond,  is  by  (hewing  its  analogy,  fimilarity,  or  coincidence  with  fome 
general  fad  with  whofe  laws  and  exHtence  we  are  already  acquainted  ;  this  laft  mode  is -by 
far  the  mod  perfe£t  and  fatisfadory.  In  the  firft  fenfe  of  the  word  ele&ricity  and  magne- 
ttfm  hdve  been  in  fome  mcafare  explained,  but  in  the  laft  fenfe  neither ;  the  primary  caufe 
ctf  magnttifm  in  particular  has  hitherto  been  fuppofed  to  relate  to  iron  alone,  or  its  ores,  and 
to  ftand  tmoonne&ed  with  all  mother  natural  phenomena. 

2.  If  therefore  any  other  general  fa£k  or  power  can  be  discovered  to  which  it  bears  fome 
analogy  or  fimilarity,  it  may  fo  far  be  faid  to  be  explained.  Now  fuch  fod  or  power  I  think 
may  be  af&gncd,  namely,  the  power  of  crjftalization. 

•  Tranfa&ions  of  the  Royal  Irifli  Academy.    Vol.  VI. 
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3.  By  cryftatiaation  I  u&lerftand  that  power  by  which  the  integrant  particles  of  anyToitti 
pofleOing  fufficient  liberty  of  motioa  unite  to  each  other,  not  indifcrimiiiat»ly  and  confufedly, 
but  according  to  a  peculiar  uniform  arrangement)  fo  as  to  exhibit  in  its  laft  and  mod  porfeQ 
ftage  regular  and  determinate  forms. 

4.  This  power  is  now  known  to  be  pofieffed  by  all  folid  mineral  fubftances. 

5.  The  forms  which  cryftals*  even  of  homogeneous  fubftances,  exhibit,  are  often  very 
numerous  ;  however  in  mod  cafes  they  may  he  reduced  to  a  few  primordial  forms,  which, 
as  Abt£  Hauy  has  lately  experimentally  proved,  are  derived  from  certain  original  forms 
appertaining  to  the  minuteft  particles  of  their  concretion* 

<$.  The  aifemblage  of  thefe  ultimate  particles  into  vifible  aggregates,  fimilarly  arranged, 
neceflarily  requires  that  one  of  their  furfaces  fhould  be  attractive  of  that  particular  furface  of 
the  other,  which  prefents  a  correfponding  angle,  and  repulfive  of  that  which  prefents  a  dif- 
ferent angle,  otherwife  the  various  regular  rhdmboidal  and  other  polygon  prifms  and  pyra- 
mids, which  cryftals  prefent  us,  could  never  exift  $  confequently  the  minuteft  priftn,  being 
once  formed,  could  never  be  prolonged  if  one  end  of  fuch  prifms  were  not  attractive,  and 
the  other  repulfive  of  the  fame  given  furface. 

7.  Hence  it  has  been  obferved  that  cryftalization  never  takes  placq  in  the  middle  of  any 
folution,  but  always  begins  at  the  furface  or  on  the  bottom  or  Gde&o£  the  veffels  that  contain 
it,  for  the  particles  in  the  middle  of  the  folution  being  confufedly  mixed  with  each  other, 
and  exerting  their  repulGve  as  freely  as  their  attractive  powers,  the  one  conftantly  counter- 
acting the  other,  no  fenfible  accretion  of  a  regular  kind  could  take  place,  whereas  the 
repulfive  power  of  the  uppermoft  particles,  or  of  thofe  that  reft  on  the  fides  or  bottom  of  the 
veflel,  is  reftrained  and  impeded. 

8.  The  repulfive  power  of  cryftalizing  fubftances  alfo  appears  in  many  other  inftances 
(-of  the  attractive  no  doubt  has  ever  been  formed.)  Thus  if  faturate  folutions  of  nitre, 
common  fait,  and  tartar  vitriolate  be  mixed  and  fet  to  cryftalize,  each  will  cryftalize  a  part, 
which  could  not  happen  if  the*  particles  of  each  of  thefe  falts  did  not  only  attraCt  their 
fimilar  homogeneous,  but  alio  repel  thofe  of  a  different  fpecies,  otherwife  the  mere  cafual 
ckcumftance  of  greater  proximity  to  one  than  to  the  other  would  impel  them  to  unite  indis- 
criminately. Again,  if  a  faturate  folution  of  allum  be  mixed  with  a  turbid  mixture  of  clay, 
and  abandoned  to  infenfible  evaporation,  after  fome  time  the  clay  will  fubfide  and  form  a 
dry  mafs,  but  in  the  interior  of  this  mafs  large  regular  cryftals  of  allum  wilt  be  found, 
whofe  component  particles  muft,  to  reunite,  have  difplaced  and  repelled  the  particles  of  clay 
with  which  they  were  furrounded. 

9.  If  to  a  faturate  folution  of  a  fait  that  difficulty  cryftalizes,  a  cryftal  of  a  fait  of  the  fame 
fpecies  be  inferted,  tho  whole  folution  will  foon  be  brought  to  cryftalize,  as  the  cryftal 
inferted  attracts  the  particles  diflblved,  by  its  different  furfaces  ;  but  if  a  fait  of  a  different 
nature  be  inferted  this  will  not  happen,  cryftalization  will  not  be  promoted. 

10.  If  to  a  folution  of  2  parts  nitre,  and  3  parts  Glauber's  fait  in  5  parts  water,  a  cryftal 
•f  nitre  be  inferted,  the  nitre  alone  will  cryftalize ;  or  if  inftead  of  nitre  a  cryftal  of  Glauber 
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be  inferted  into  it,  the  Glauber  alone  will  cryftalize,  Do  not  thefe  experiments  fully  evince 
both  the  attra&ive  and  repulfive  powers,  not  only  of  different  falts  but  of  different  furfaces 
of  the  fame  fait  ? 

ii.  Thefe  powers  within  their  proper  fphere  of  a&ion  have  been  found  indefinitely 
great ;  thus  water  confined  in  cannon  feveral  inches  thick,  and  expofed  to  a  degree  of  cold 
much  beneath  the  freezing  point,  has  been  obferved  to  cryftalize  into  ice  that  burft  the  me- 
tallic impediment  oppofed  to  the  form  it  then  affumes* 

12.  The  vaft  difference  however  attending  the  developement  of  thefe  two  powers  (of  mag- 
netifm  and  cryftalization)  will  undoubtedly  ftrikc  many  as  an  infuperable  obje&ion  to  their 
identity,  yet  their  direclion  in  all  its  varieties  being  exa&ly  the  fame,  difference  in  other 
circumftances  fcems  to  me  to  indicate  rather  a  variety  of  degrees^  in  the  fame  power,  than 
any  eflential  difference  in  the  powers  themfelves. 

I  now  come  to  the  application  of  the  above  principles  to  the  magnetic  phenomena.  Thefe 
may  in  general  be  reduced  to  the  following,  viz.  Attraclion^  Repulfiony  Polarity. 

Communication. 

Declination. 

Inclination. 

Excluftve  appropriation  to  Iron. 

Dejlruclion  of  the  Magnetic  power. 

ijl,  AttracHon^  Repu!fiony  Polarity. 

The  quantity  of  iron  found  on  and  within  fuch  parts  of  the  furface  of  the  globe  as  we 
are  acquainted  with,  far  furpafles  that  of  any  other  mineral  fubftance  fingly  taken,  or  even 
of  many  of  them  taken  together ;  fcarce  any  ftone  or  metallic  ore  or  earth  is  found  free 
from  it ;  it  enters  into  their  compofition  in  the  proportion  of  from  2  to  1 8  or  20  per  cent, 
and  perhaps  at  a  medium  we  may  (late  it  in  all  of  them  at  6  per  cent. ;  moreover  its  own 
ores  are  of  all  Qthers  the  moil  common  and  the  mod  copious >  in  many  places,  particularly 
in  the  mod  northern  climates,  whole  mountains  of  it  are  found,  and  many  of  them  mag- 
netic. When  to  this  confideration  we  add  that  of  the  fpecific  gravity  of  the  globe,  which 
has  been  found  to  be  4,5  times  heavier  than  water,  notwithftanding  the  immenfe  quantity 
of  water  that  covers  the  greater  part  of  its  furface  to  confiderable  unknown  depths,  and  not- 
withftanding that  the  fpecific  gravity  of  by  far  the  greater  part  of  the  ftones  and  earths  it 
contains  does  not  exceed  and  fcarcely  amounts  even  to  three  times  the  weight  of  an  equal 
bulk  of  water,  and  that  the  quantity  of  mineral  fubftances  whofe  fpecific  weight  exceeds 
four  times  that  of  water  is  almoft  infinitely  fmall  in  comparifon  to  the  other  known  com- 
ponent parts  of  the  globe,  and  finally  that  the  weight  of  moil  iron  ores  is  about  four  or  five 
times  that  of  water ;  all  this  I  fay  confidered,  it  ia  difficult  to  avoid  concluding  that  the . 
interior  part  of  the  globe  confifts  chiefly  of  iron  ore  difpofed  in  one  or  more  aggregate 
maiTes  *,  a  conclufion  that  is  farther  confirmed,  on  reflecting  that  volcanic  lavas  ejefted 
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from  the  deepeft  receffcs  with  which  we  are  acquainted  contain  from  15  to  20  or  25  percent, 
of  iron  in  the  (late  molt  favourable  to  magnetic  attraction. 

Taking  then  this  aflfcrtion  to  be  as  fully  proved  as  its  fubjeCt  matter  is  capable  of  being 
ascertained,  we  may  deduce  from  it  the  following  corollaries  : 

1  ft.  That  as  the  ferruginous  matter  in  the  globe  being  by  far  the  moil  copious,  its 
univerfal  attractive  power  is  principally  feated  in  the  ferruginous  part. 

2d.  That  as  all  terraqueous  matter  was  originally  in  a  foft  ftate,  its  parts  were  at  liberty 
to  arrange  themfelves  according  to  the  laws  of  their  mutual  attraction,  and  in  faCt  did  coa- 
lefce  and  cryftalize  in  the  direction  in  which  they  were  leaft  impeded  by  the  rotatory  motion 
of  the  globe,  namely  in  that  which  extends  from  North  to  South,  and  principally  and  mod 
perfe£tly  in  the  parts  leaft  agitated  by  that  motion,  namely  thofe  next  the  centre. 

3d.  That  this  cry  (tali  zation,  like  that  of  fa  Its,  might  have  taken  place  in  one  or  more 
fcparateyZw?//,  or  as  we  may  here  call  them,  immenfe  feparate  maiTes,  each  having  its  poles 
diCtinCt  from  thofe  of  the  other,  thofe  in  the  fame  direction  repulfive  of  and  diftant  from 
each  other. 

In  confequence  then  of  the  univerfal  law  of  attraction  of  the  particles  of  matter  to  each 
other,  thefe  internal  magnets  exert  a  double  power  of  attraction  ;  the  firft  and  moft  general, 
on  the  particles  of  all  bodies  indiscriminately  in  proportion  to  their  denfity,  and  the  direCt 
or  inverfe  ratio  of  the  fquares  of  their  diftances  according  as  thofe  bodies  are  found  within 
or  without  the  earth's  furface  \  and  the  fecond,  on  bodies  of  their  own  fpecies  in  proportion 
to  their  homogenity,  and  to  the  correfpondence  of  the  arrangement  of  their  integrant 
particles  with  that  of  the  integrant  particles  of  thefe  internal  magnets. 

A  magnet  therefore  is  a  mafs  of  iron,  or  of  iron  ore,  whofe  oxygenation  does  not  exceed 
20  per  cent,  or  thereabouts,  whofe  particles  are  arranged  in  a  direction  fimilar  to  that  of  the 
great  internal  central  magnets  of  the  globe.     This  I  call  the  magnetic  arrangement. 

The  particles  of  iron  attraCt  each  other  more  forcibly  than  thofe  of  any  other  known 
fubftance.  This  appears  by  its  cohefion,  hardnefs,  elafticity,  and  infuGbility,  in  each  0$ 
which  properties,  or  at  leaft  in  the  combination  of  moft  of  them,  it  exceeds  all  other  known 
bodies* 

Hence  a  magnet  attratls  iron  when  within  the  fphere  of  its  aftion,  by  forcing,  in  virtue 
of  its  attractive  power,  a  certain  proportion  of  its  integrant  particles  into  a  difpofition  and 
arrangement  fimilar  to  that  of  its  own.  For  in  this  cafe  it  exerts  a  double  attractive  power, 
that  of  the  particles  of  iron  to  each  other,  which  we  have  feen  to  be  the  greateft  of  all  others) 
and  that  of  cryftalizing  bodies,  which  we  have  alfo  feen  to  be  indefinitely  great. 

The  cryftalizing  power  being  at  once  attractive  and  repulfive^  according  to  the  direction 
of  the  furfaces,  (No.  6.)  hence  we  fee  that  one  part  01;  end  of  the  magnet  mult  repel  that 
which  the  other  has  attracted,  as  long  as  the  fame  difpofition  of  parts  remains. 

The  difpofition  of  parts  in  a  particular  magnet,  being  fimilar  to  that  which  obtains  in  the 
great  internal  general  magnet,  extends  in  the  direction  of  from  North  to  South.    Hence 
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magncts)  when  at  liberty  to  move  widi  a  certain  degree  o£  f teecfem*  and  itam>  when  a  Cuf- 
ficient  number  of  its  particles  are  arranged  io  that  dire&nmy  and  has  fufiicient  liberty  b» 
conform  to  it,  points  to  thafe  poles.    Hence  tbaa  property  is  called  Polarity. 

The  magnetic  power  is  greater  or  Icffer  according  to  the  number  and  homogenity  of  the 
jartidtsjimilarly  and  magnetically  arranged.  Hence  fmall  magnets  may  be  moire  powerful 
than  a  larger,  and  hence  a  magnet  will  attra&  a  magnetized  needle  at  a  greater  diftance  than 
one  not  magnetized. 

The  magnetic  power  dcoreafes  iat  a  certain:  ratio  of  the  diftance  of  the  particles  that  exer- 
cife  it.    Hence  it  is  ftroxtgefHn  the  point  of  conta£r,  and  at  the  poles,  as  it  is  there  mo  ft 
'^3^  tmfaturated,  and  weakeft  io  the  central  part,  which  {Separates  the  two  oppofite  poles. 

When  a  magnet  is  broken  into  fmall  pieces  its  power  is  nearly  deftroyed,  becaufe  though 
the  poles  fhouid  be  all  of  the  fame  kind,  yet  the  diftance  of  each  from  the  oppofite  pole  is 
to,  fmall  that  their  powers  counteract,  and  confequently  deftroy  each  other. 

If  when  a  needle  is  atlra&ed  by  the  fouth  pole  of  a  magnet  a  bar  of  iron  he  placed  on  the 
north  pole,  the  needle  is  dill  more  ftrongly  attra&ed,  becaufe  the  iron  acquires  aiib  a  fouth 
pole,  whofe  force  is  joined  to  that  of  the  magnet. 

If  two  needles  be  fufpended  from  any  given  pole  of  a  magnet  they  will  diverge,  becaufe  they 
both  acquire  the  fame  polar  arrangement.  If  a  bar  of  Iron  be  laid  on  that  pole  of  the  magnet 
the  divergence  will  diiuimih,  becaufe  the  next  end  of  the  iron  will  acquire  the  difpofttioa  of 
the  oppofite  pok»  and  confequently  counteract  the  rep u] five  power  of  the  magnet. 

A  magnet  will  not  tranfmit  its  power  through  a  bar  of  iron  if  this  be  too  long. 
Mufchenbrouck  limits  their  length  to  fix  feet,,  but  this  depends  on  the  ftrength  of  the 
magnet. 

The  power  of  a  magnet  (every  thing  elfe  being  equal)  depends  on  the  number  of  its  furfaces  . 
magnefically  arranged*  and  the  accuracy  of  that  arrangement. 

The  arrangement  is  accurate  when  the  fynonimous  furfaces  are  exa&ly  parallel  to  each 
other,  and  originally  conformed  to  and  parallel  with  thofe  of  the  great  general  magnet. 

The  magnetic  attraction  b  ftrongeft  in  the  direction  perpendicular  to  the  magnetic 
furfaces,  and  weakens  in  proportion  to  the  magnitude  of  the  angle  of  d ire £1  ion  with  the 
perpendicular,  and  confequently  b  null  when  at  a  right  angle  with  it. '  Hence  the  mag- 
netic power  feems  concentrated  at  the  poles ,  and  the  lateral  powers  are  the  weakeft,  as 
they  originate  only  in  the  oblique  dire&ion  of  furfaces,  or  from  furfaces  inaccurately 
arranged. 

(To  be  continued.) 
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.S  the  doubler  of  Bennet,  to  which  I  adapted  the  following  machinery  in  the  year 
17$&,  is  not  yet  generally  noticed  in  elementary  works,  and,  confequently,  little  known* 
I  bare  thought  it  might  be  acceptable  to  copy  the  fbort  Description  and  Plate  from  my 
paper  in  the  LXXVUith  volume  of  the  Philofephical  Tranfa&ians. 

Plate  IV.  reprelents  the  apparatus  of  the  doubler  fupported  on  a  glafs  pillar  6\  indies 
long.  It  confifts  of  the  following  parts.  Two  fixed  plates  of  brafs,  A  and  C,  are  fepa- 
rately  initiated  and  difpofed  in  the  fame  plane,  fo  that  a  revolving  plate  B  may  .pais  very 
near  them,  without  touching.  Each  of  thefe  plates  is  two  inches  in  diameter ;  and  they 
have  adjufcing  pieces  "behind,  which  ferve  to  place  them  accurately  in  the  required  pofitioiw 
D  is  \  brafs  ball,  likewife  of  two  inches  diameter,  fixed  on  the  extremity  of  an  axis  that 
carries  the  plate  Jk  Be  fides  the  more  eflential  purpofe  this  ball  is  intended  to  anfwer,  it 
is  fo  loaded  within  cm  one  fide,  that  it  ferves  as  a  counterpoise  to  the  revolving  plate,  and. 
enables  the  axis  -to  remain  at  reft  in  any  pofition.  The  other  parts  may  be  diftin&ly  feen 
in  fig.  2.  The  fhaded  parts  reprefent  metal  and  the  white  reprefent  varniflxed  glafs.  ON 
i9  a  fanrfs  axis,  paSing  through  the  piece  M,  which  laft  fuftains  the  plates  A  and  C.  At 
one  extremity  is  the  ball  D  already  mentioned ;  and  the  other  is  prolonged  by  the  addition 
of  a  glafs  flick,  which  fuftains  the  handle  L  and  the  piece  GH  feparately  infulated.  E,  F, 
are  pins  lifing  out  of  the  fixed  plates  A  and  C,  at  unequal  diftances  from  the  axis.  The 
orofs-piece  <JH,  and  the  piece  K,  'lie  in  one  plane,  and  have  their  ends  armed  with  fmaH 
pieces  of  barpfichord-wire,  that  they  may  perfeflly  touch  the  pins  EF  m  certain  points 
of  the  revolution.  There  is  likewife  a  pin  I,  in  the  .piece  M,  which  intercept  a  fmaU 
wire  proceeding  from  die  revoking  plate  B. 

The  touching  wires  are  fo  adjuftcd,  by  bending,  that  when  the  revolving  plate  B  is  im* 
mediately  oppofite  the  fixed  plate  A,  the  crofs  piece  GH  conne&silte  two  fixed  plates,  at 
the  fame  time  that  the  wire  and  pin  at  I  form  a  communication  between  the  revolving 
plate  and  the  balL  On  the  other  hand,  when  the  revolving  plate  is  immediately  oppofite 
the  fixed  plate  C,  die  ball  becomes  conne&ed  with  this  laft  plate,  by  the  touching  of  the 
piece  K  againft  F ;  the  two  plates,  A  and  B,  having  then  no  conne&ian  with  any  part  of 
the  apparatus.  En  every  other  pofition  the  th*;e  plates  and  the  ball  will  be  pcrfe&ly  un* 
oonne&ed  with  each  other. 

Mr.  Cavallo's  difcovery,  (6  well  explained  in  the  laft  Bakerian  Ledure,  that  the  minute 
differences  of  the  ele&rization  in  bodies,  whether  occafioned  by  art  or  nature,  cannot  be 
completely  deftroyed  in  any  definite  time,  may  be  applied  to  explain  the  a&ion  of  the 
prefent  inftrument.  When  the  plates  A  and  B  are  oppofite  each  other,  two  fixed  plates 
A  and  C  may  be  confidered  as  one  mafs  >  and  the  revolving  plate  B,  together  with  the  ball 
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D,  will  constitute  another  mafs.  All  the  experiments  yet  made  concur  to  prove,  that  thefe 
two  mafles  will  not  pofiefs  the  farxje  ele£tric  (late  ;  but  that,  with  refpeft  to  each  other, 
their  ele&ricities  will  be  plus  and  minus.  Thefe  dates  would  be  fimple  and  without  any 
corn  pen  fat  ion,  if  the  mafles  were  remote  from  each  other ;  but  as  that  is  not  the  cafe,  a 
part  of  the  redundant  electricity  will  take  the  form  of  a  charge  in  the  oppofed  plates  A 
and  B.  From  other  experiments  I  find  that  the  effect  of  the  compenfation  on  plates  op- 
pofed to  each  other,  at  the  diftance  of  one-fortieth  part  of  an  inch,  is  fuch  that  they 
require,  to  produce  a  given  inteniity,  at  lead  one  hundred  times  the  quantity  of  eleftricity 
that  would  have  produced  it  in  either,  fingly  and  apart.  The  redundant  electricities  in  the 
mafles  under  consideration  will  therefore  be  unequally  diftributed  :  the  plate  A  will  have 
about  ninety-nine  parts,  and  the  plate  C  one;  and,  for  the  fame  reafon,  the  revolving 
plate  B  will  have  ninety-nine  parts  of  the  oppofite  electricity,  and  the  ball  D  one.  The 
rotation,  by  deftroying  the  contacts,  preferves  this  unequal  diftribution,  and  carries  B  from 
A  to  C,  at  the  fame  time  that  the  tail  K  connects  the  ball  with  the  plate  C.  In 
this  fituatioft,  the  electricity  in  B  aCts  upon  that  in  C,  and  produces  the  contrary  ftate, 
by  virtue  of  the  communication  between  C  and  the  ball ;  which  lad  mud  therefore. ac- 
quire an  eleCtricity  of  the  fame  kind  with  that  of  the  revolving  plate.  But  the  rotation 
again  deftroys  the  contaCt,  and  reftores  B  to  its  firft  fituation  oppofite  A.  Here,  if  we 
attend  to  the  efleCt  of  the  whole  revolution,  we  (hall  find  that  the  eleCtric  dates  of  the 
refpeCiive  mafles  have  been  greatly  increafed :  for  the  ninety-nine  parts  in  A  and  in  B 
remain,  and  the  one  part  of  eleCtricity  in  C  has  been  increafed  fo  as  nearly  to  com- 
f  enfate  ninety-nine  parts  of  the  oppofite  eleCtricity  in  the  revolving  plate  B,  while  the 
communication  produced  an  equal  mutation  in  the  eleCtricity  of  the  ball.  A  fecond 
rotation  will,  of  courfe,  produce  a  proportional  augmentation  of  thefe  increafed  quantities ; 
and  a  continuance  of  turning  will  foon  bring  the  intenfities  to  their  maximum,  which  is 
limited  by  an  explofion  between  the  plates. 

If  one  of  the  parts  be  conn  eft  ed  with  an  electrometer,  more  efpecially  that  of  JBennet, 
thefe  effeCts  will  be  very  clearly  feen.  The  fpark  is  ufuaily  produced  by  a  number  of 
turns  between  eleven  and  twenty;  and  the  eleCtrometer  is  fenfibly  aCted  upon  by  dill 
fewer. 

If  the  ball  be  connected  with  the  lower  part  of  Bennet's  eleCtrometer,  and  the  plate  A 
with  the  upper  part,  and  any  weak  eleCtricity  be  communicated  to  the  eleCtrometer,  while 
the  pofition  of  the  apparatus  is  fuch  that  the  crofs-piece  GH  touches  the  two  pins ;  a  very 
few  turns  will  render  it  perceptible.  But  here,  as  well  as  in  the  common  doubler,  the 
.  efleCt  is  rendered  uncertain  by  the  condition,  that  the  communicated  eleCtricity  mult  be 
Strong  enough  to  deftroy  and  predominate  over  any  other  eleCtricity  the  plates  may 
poflefs.  I  fcarcely  need  obferve,  that  if  this  difficulty  fhould  hereafter  be  removed,  the 
instrument  will  have  great  advantages  as  a  multiplier  of  electricity  in  the  facility  of  its  ufe, 
the  orery  fpecdy  manner  of  its  operation,  and  the  unequivocal  nature  of  its  refults. 
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ARTICLE    I. 

Obfervations  en  the  Proofs  of  the  Huttonian  Theory  of  the  Earth,  adduced  by  Sir  James 
Hall,  Bart.    By  R.  Kirwah,  Esq.     Communicated  by  the  Author. 


A 


>S  fome  petitions  which  I  laid  down  in  my  examination  of  Dr.  Hutton's  Theory  of 
the  Earth,  may  feem  queftionable  from  the  ingenious  reafoning  employed  by  Sir  James 
Hall  in  the  third  volume  of  the  Edinburgh  Tranfa&ions,  to  corroborate  fome  of  Dr.  Hut- 
con's  aflertions,  and  may  even  be  thought  inconfiftent  with  fome  of  the  curious  refults  that 
occurred  in  the  highly  interefting  experiments  inftituted  by  the  worthy  Baronet,  and  in- 
ferted  #  in  the  fifth  volume  of  the  Edinburgh  Tranfa&ions  (a  printed  tranfeript  of  which  he 
has  had  the  goodnefs  to  fend  me),  I  think  it  a  duty  incumbent  upon  me  to  examine  both 
"the  general  reafoning  employed  by  him,  and  the  confequences  fairly  deducible  from  his 
experiments.  Fanciful  and  groundlefs  as  the  Huttonian  theory  feems  to  me  to  be,  it  may* 
like  the  refearches  for  the  philofopher's  (tone,  be  highly  ufeful  by  fuggefting  new  ex- 
periments. 

In  the  third  volume  of  the  Edinburgh  Tranfa&ions,  Hid.  p.  9,  we  are  informed,  that 
Sir  James  Hall,  though  convinced  from  various  obfervations  that  granite  had  once  flowed 
in  a  ftate  of  fufion,  yet  acknowledged  that  fome  difficulties  accompanied  this  opinion  1 

•  Alfo  in  this  Journal,  IV,  8.  56. 
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among  which  the  mod  confiderable  appeared  to  him  to  be  this,  that  in  fome  cafetf  the 
felfpar  is  feen  in  this  (tone  with  its  cryftals  regularly  defined)  whereas  the  quartz  forms  a 
confufed  and  irregular  mafs,  being  moulded  on  the  cryftals  of  felfpar,  whereas  if  the 
granite  were  formed  by  fufion,  the  very  contrary,  he  fays,  {hould,  it  would  feem,  be  ex- 
pelled 5  felfpar  being  very  fufible,  and  quartz,  on  the  contrary,  highly  infufible.  In 
anfwer  to  which,  he  fays,  ((  that  when  quartz  and  felfpar  are  mixed  and  pounded  to* 
u  gether,  it  is  well  known  they  may  be  melted  without  difficulty  into  a  kind  of  glafs,  the 
"  felfpar  ferving  as  a  flux  to  the  quartz,  or  the  felfpar  may  be  confidered  as  a  menftruum 
u  in  which  the  quartz  is  diflblved  ;  and  in  this  view  we  may  exped  by  analogy  phenomena 
u  fimilar  to  thofe  of  the  folution  of  fait  in  water.  Now  it  is  certain  that  when  exceffive 
"  cold  is  applied  to  fait  water,  the  water  is  frozen  to  the  exclufion  of  the  fait ;  why  (hould 
"  not  the  fame  thing  happen  in  the  folution  of  quartz  in  the  liquid.  Felfpar,  when  the 
"  mafs  is  allowed  to  cool  beneath  the  point  of  congelation  of  the  menftruum  ?  The  felfpar 
u  may  cryftallize  Separately  from  the  quartz,  as  we  have  feen  pure  ice  formed  feparately 
u  from  the  fait." 

In  this  anfwer  feveral  particulars  deferve  confideration.  In  the  firft  place,  water  (to- 
which  felfpar  is  here  affimilated)  is  never  regularly  cryftalized  when  frozen  by  exceffive 
refrigeration,  though,  indeed,  vapour  may ;  confequently,  fince  in  the  prefent  cafe  the 
felfpar  is  faid  to  be  regularly  cryftallized,  the  parity  does  not  hold.  Again,  to  juftify  the 
comparifon  of  felfpar  a£ting  on  quartz  as  a  menftruum,  as  water  does  upon  fait,  the  felfpar 
(hould  always  be  in  the  larger,  and  quartz  in  the  fmaller  proportion  to  each  other,  as  water 
always  is  to  fait,  and  this  is,  indeed,  the  commoneft  cafe  even  where  the  felfpar  is  not 
regularly  cryftalized,  yet  in  Swifferland  this  does  not  happen,  as  Mr.  Hoepfner  attefts, 
4  Helvetic  Magaz.  p.  266,  of  which  fpecimens  may  be  met  in  2  Le(ke  Catal.  Englifli 
edition,  p.  375>  376,  No.  37,  38,  40,  41 ;  nor  in  SileGa,  as  Gerhard  remarks,  1  Grundrifs 
Min.  Syftem,  p.  404  and  405.  How  then  could  the  felfpar  have  ferved  as  a  menftruum 
or  flux  to  the  quartz  in  thefe  cafes  ? 

3dly,  It  is  allowed  by  all  obfervers,  that  the  cafes  in  which  felfpar  in  granite  is  regularly 
cryftalized,  are   exceeding  few;   fee  Lentz,  Emerling,  Widenman,   &c.      Granites,  in 
which  fuch  cryftals  arc  obferved,  are  called  porphyraceous  granites  >  and  from  that  very  cir- 
cumftance  judged  by  many  obfervers  not  to  be  ancient  granites,  but  of  modern  formation  j. 
fee  2  Widenman,  p.  100*5,  in  the  note.     An  obfervation  fimilar  to  that  of  Sir  James  Hall 
has  alfo  been  made  by  Mr.  Bcflbn,  in  Limoges,  29  Roz.  Jour.  p.  89,  for  he  discovered 
veins  of  granite  in  an  argillite,  though  this  fchift  did  not  border  upon  any  granitic  mafs, 
and  hence  he  judged  it  of  modern  formation.     Citizen  Dolomieu  alfo  tells  us,  that  fuch 
inftanceshad  occurred  to  him  in  his  travels,  but  he  thinks  them  perfe&ly  diftinft  from* 
the  granke  whioh- forms  granitic  mountains,  16  Journ.  des  Mines,  p.  22.    Neither  waa. 
Sauflure  a  ftranger  to  fuch  granitic  veins  5.  but  he  accounts  for  their  origin  very  differently, 
from  Sir  Junes.  §.  600. 

4thly,. 
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4thly,  Various  attempts  have  been  made  to  f ufe  granites,  in  moll  of  which,  as  has 
already  been  faid,  felfpar  is  the  moft  abundant  ingredient ;  but  in  almoft  all  the  finely 
pulverized,  the  quartz  remained  unfufed,  and  might  be  diftinguiflied  by  a  lens ;  fee 
I  Sauflure,  §.  172,  173,  and  174,  1  Gerh.  Gefch.  {.  51,  and  in  the  firft  part  of  his  new 
Mineral  Syftem,  publiflied  in  1797,  p.  412,  and  Hacgueft  in  1  Crell  Baytrage,  p.  34, 
35,  &c.  It  is  plain,  then,  that  in  all  heats  with  which  we  are  acquainted,  the  felfpar  can- 
not but  in  very  rare  cafes  ferve  as  flux  or  a  menftruum  to  the  quartz  with  which  it  is 
found  in  granites,  the  full  proportion  of  quartz,  which  can  be  rendered  fufible  by  its  other 
component  earths,  being  already  contained  in  the  felfpar;  and,  in  fact,  there  is  no 
analogy  betwixt  water  acting  as  a  menftruum  on  fait,  and  felfpar  acting  on  quartz,  for 
water  and  fait  are  fubftances  perfectly  heterogeneous  to  each  other,  whereas  felfpar  and 
quartz  are  both  earthy  fubftances,  of  which  the  former  contains  a  large  proportion  of  the 
latter,  as  eflential  to  its  compofition,  and  is  fufible  only  by  reafon  of  its  compound  nature; 
but  if  the  quantity  of  the  quartz y  ingredient  be  increafed,  the  whole  becomes  infufible,  as  I 
have  experienced  ;  whereas  if  the  proportion  of  fait  in  water  be  increafed,  (till  the  water 
will  be  congealable  if  confiderably  cooled ;  moreover  quartz  frequently  bears  the  impreffion 
of  (tones  more  fufible  than  itfelf,  which  could  not  happen  in  any  poffible  fuppofition,  if 
all  had  been  in  ftate  of  fufion. 

Again,  Sir  James  obferved,  that  a  quantity  of  green  glafs,  which  had  been  allowed  to 
cool  flowly,  was  found  to  have  loft  all  its  vitreous  properties,  being  opaque,  white,  and 
refractory ;  but  being  again  melted  by  a  blow  pipe,  and  fuddenly  cooled,  it  refumed  its 
former  properties,  and  became  glafs :  hence  he  infers,  that  if  the  glafs  produced  by  the 
fufion  of  granite  had  been  allowed  to  cool  with  fufficient  flownefs,  it  might  have  cryftalized, 
producing  a  granite  fimilar  to  the  original,  p.  1 1. 

The  obfervation  on  glafs,  here  mentioned,  is  perfectly  juft,  and  has  been  often  re- 
peated; but  the  analogy  betwixt  this  cafe,  and  the  formation  of  granite  from  a  complete 
fufion  of  its  ingredients,  is  far  from  being  accurate.     Glafs  confifts  of  a  fimple  earth, 
namely,  the  filiceous,  united  to  an  alkali*    To  form  this  union,  it  is  neceflary  that  the^ 
integrant  affinity  of  the  filiceous  particles  to  each  other  fhould  yield  to  the   chemical 
affinity  which  the  alkali  bears  to  them,  and  this  can  happen  only  in  fo  high  a  degree  of 
heat,  as  confiderably  leflens  the  affinity  of  the  filiceous  particles  to  each  other.     If,  when 
this  union  is  effected,  the  compound  is  confiderably  and  rapidly  cooled,  yet  the  union  will 
(till  continue,  becaufe  the  alkaline  menftruum  being  congealed,  the  filiceous  particles  can- 
not move  through  it  to  reunite  to  each  other,  though  their  affinity  to  each  other  in  a  low 
temperature  be  greater  than  their  affinity  to  an  alkali,  and  thus  they  continue  in  that  ftate 
which  we  call  glafs.    Two  experiments  fct  this  explication  beyond  all  doubt,  the  firft  is, 
that  if  a  folufion  of  fait  in  water  be  fuddenly  cooled  from  140  degrees  above  to  6  degrees 
below  o  of  Fahrenheit,  the  whole  will  be  congealed,  and  no  feparation  of  the  fait  will  take 
place,  fee  8  Nov.  Comment.  Petropol.  p.  346.    This  cafe  is  perfectly  analogous  to  that  of 
^lafs.    The  fecond  experiment  is  that  of  Tromfdorf,  22  Ann.  Chyra.  p.  11  j,  where  we 
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find  the  filsceou*  particles  to  have  feparated  by  long  (landing  (8  years)  from  the  alkaline 
in  a  folution  of  filicitcd  alkali,  and  to  have  formed  perfeft  cryftals  hard  enough  to  drike 
fire  with  ileeL  , 

That  the  glafs  thus  formed,  being  fuffered  to  cool  flowly,  (hould  be  dfcompofed,  is 
very  natural ;  it  is  what  happens  when  certain  falts,  for  indance,  nitre,  are  diflblved  in 
water  to  faturation,  in  a  boiling  heat ;  if  the  water  be  flowly  cooled,  mod  of  the  nitre  will 
cryftalize  and  feparate  itfelf.  That  the  filiceous  earth,  thus  feparated,  (hould  be  more  re- 
fractory than  before,  (hould  be  alfo  expefted  >  both  becaufe  it  is  not  repuNerized  (at  lead 
not  dated  to  have  been  fo)  and  becaufe  much  of  the  alkali,  which  is  its  mendruum,  eva- 
porates, and  is  volatilized  during  the  (low  refrigeration.  But  if  the  heat  applied  be  much 
greater  than  at  firft,  it  may  be  vitrified  a  fecond  time,  as  more  of  mod  falts  may  be 
diflblved  in  a  fmall  quantity  of  at  212  than  at  150. 

But  to  reproduce  granite  from  a  general  fufion  of  all  its  ingredients  by  a  refrigeration 
ever  fo  low,  is  a  very  different  cafe  from  that  we  have  juft  confidered* 

Granite  is  an  aggregate  done,  confiding  of  quartz,  felfpar,  and  mica;  of  thefe  the 
mod  fufible  is  undoubtedly  the  felfpar,  and  the  quartz  the  lead:  let  us  then,  to  indulge  the 
worthy  Baronet,  ftppofe  all  three  in  perfect  fufion  in  a  high  degree  of  heat,  and  after- 
wards (lowly  cooled,  and  thus  each  (though  vouched  by  no  experiment)  gradually  repro- 
duced 5  the  quartz,  with  the  exception  of  the  proportion  thereof,  which  enters  into  the 
compofition  of  felfpar  and  of  the  mica,  would  undoubtedly  crydalize  firft  on  the  fmalled 
diminution  of  heat,  and  being  congealed  in  a  medium  dill  in  a  liquid  date,  I  do  not  fee 
why  it  (hould  not  form  regular  cryftals,  which,  neverthelefs,  fcarce  ever  occur  in  granite, 
except  in  cavities :  over  this,  and  after  a  confiderable  interval  of  time,  the  mica  (hould 
alfo  be  regularly  crydalized,  and  lad  of  all  the  felfpar  (hould  coalefce  and  congeal  (at  lead 
in  the  Baronet's  fuppofition)  in  regular  crydals ,  now  as  the  cryftalizationa  of  thefe  three 
fpecies  of  done  take  place  each  at  a  diftuxft  portion  of  time,  each  (hould  occupy  alfo 
a  diftinft  portion  of  fpace,  the  firft  fet  of  cryftals  being  lowed,  the  next  over  that,  and  the 
lad  uppermod,  as  we  find  to  happen  when  falts  of  very  different  folubility,  and  yet  in  equal 
quantity,  are  diflblved  and  crydalized  in  water,  or  when  fubdances  of  different  degrees  of 
volatility  are  fublimed  by  fire.  Now  among  the  immenfe  maffes  of  granite  that  have  been 
obferved  and  examined  in  various  parts  of  the  globe,  not  above  half  a  dozen  have  occurred 
in  which  the  three  condituent  parts  of  granite  were  regularly  crydalized,  very  few  in 
which  diftin&  layers  were  feen,  and  mm  at  all  confiding  of  diftin£fe  regular  crydals  of 
each,  fuperimpofed  on  each  other.  On  the  contrary,  in  far  the  greater  number  of  granitic 
mafles  the  three  above-named  condituent  maffes  lie  intermixed  with  each  other  in  the  mod 
confufed  and  irregular  manner,  without  any  appearance  of  regular  crydalization,  in- 
fomuch,  that  none  can  fay,  from  bare  infpe&ion  only,  which  was  crydalized  firft  and 
which  lad.  Nay,  granitic  maffes  not  unfrequently  occur,  in  which  it  is  evident  that  the 
mica  mud  have  crydalized  con  tempo  raneoufly  with  the  quartz ;  for  in  breaking  the 
quartzy  part,  flakes  of  mica  are  found  within  it.    See  6  Sauff.  i  1621. 
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I»afl1y,  I  muft  add}  that  even  on  the  fuppofition  that  diftind  cryftals  of  quarts,  felfpar, 
and  mica,  could  be  produced  by  fufion,  they  ftill  would  be  far  from  refembling  thofe  we 
are  acquainted  with,  which  efientially  contain,  fome  particles  of  water,  as  I  have  eHcwhere 
(hewn. 

Perhaps  fome  may  fay,  that  the  fame  difficulties  occur  in  accounting  for  the  cryftaliza- 
tioa  of  granite  in  the  moift  way ;  on  mature  confideration,  however,  it  will  readily  be  feen, 
that  the  caufes  of  coadinution  in  the  dry  and  moift  way  are  very  different,  and  that  their 
cffecls  fhould  alfo  be  different ;  for  fuppofing  the  earths  that  enter  into  the  compofition  of 
granites  cHffolvcd  in  the  moift  way,  their  precipitation  and  imperfect  cryftalization  may  be 
afcribed  to  the  union  they  contract  with  each  other,  forming  mafies  of  each  of  the  confti- 
tuent  ingredients  of  granite,  which  water  can  no  longer  hold  fufpended  \  hence  the  preci- 
pitation of  each  of  the  three  fpecies  of  ftone  is  nearly  contemporaneous,  whereas  if  the 
formation  of  thefe  ingredients  fhould  take  place  in  the  dry  way,  it  would  neceflarily  be 
fucceflive  keeping  place  with  the  fucceffive  diminutions  of  heat,  and  then  the  above-men- 
tioned confequences  would  naturally  enfue. 

The  ftate  of  the  granatic  ingredients  in  fuGon,  which  I  have  above  given,  agrees  pretty 
nearly  with  that  prefented  by  Sir  James  himfelf ;  he  fuppofes  the  quartz  felfpar,  fhorl, 
mica,  and  garnet,  &c.  melted  together,  and  the  molt  fufibte  of  them  to  be  the  roenftruum 
in  which  the  reft  are  difTolved,  and  that  they  differ  from  each  other  in  their  properties  of 
{Solution,  as  falts  differ  from  each  other.  Some  of  them  being  more  foluble  in  the  men- 
ftruum  when  very  much  heated,  than  when  it  is  comparatively  cold,  and  others  may  be 
foluble  in  it  when  little  warmer  than  its  point  of  congelation.  "  If  then  we  fay,  for  in- 
"  fiance,  that  the  congealing  point  of  the  folvent  is  iooo°  of  Fahrenheit,  and  if  the  folu- 
41  tion  is  at  the  temperature  of  2000°,  we  may  conceive  one  portion  of  the  matters  dif- 
%  '•  folved,  as  held  by  the  fimple  diflblving  power  of  the  menftruum,  and  another  as  held  by 
"  means  of  its  elevated  temperature ;  when  therefore  a  mafs  of  this  kind  is  allowed  to  cool 
"  very  flowly,  thofe  fubftances  held  in  folution  by  the  heat  of  the  folvent,  will  firft  feparate, 
€(  and  being  formed  in  a  liquid,  will  aflume  their  cryftaline  form  with  regularity."  This 
confequence  is  truly  deduced  from  the  Baronet's  hypothefis,  but  being  contrary  to  faftj . 
cli/covers  the  falfhood  of  that  hypothefis  *,  for  if  any  of  the  fore- mentioned  component  parts 
of  granite  can  be  faid  to  be  held  in  folution  by  the  high  heat  of  the  folvent,  it  is  furely  the 
quartz ;  now  the  quartz  is  fcarce  ever  found  regularly  cryftalized  when  forming  a  compo- 
nent part  of  granite,  as  all  mineralogifts  atteft,  and  is  a  matter  of  univerfal  obfervation. 

u  But  the  Baronet  continue^—"  whereas  thofe  fubftances  which  were  held  by  the  men* 
u  ftruum  (imply  as  a  fluid,  will  not  feparate  until  the  congelation  of  the  folvent  itfelf  takes 
c<  place,  when  the  cryftals  of  the  various  fubftances  will  intermix  and  confound  the  regu- 
u  larity  of  form  which  each  would  have  affumed  if  left  to  itfelf.  In  this  manner  one  of  the 
c<  common  kinds  of  granite  will  be  produced,  confifting  of  perfect  cryftals  of  fhorl,  mica, 

or  garnet,  inclofed  in  a  confufed  mafs  of  felfpar,  quartz,  and  fhorl."— This  conclufion 
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is  as  obje&ionable  as  die  foregoing ;  for  not  to  mention  that  granites,  in  which  fhorl,  and 
especially  garnets  are  found,  are  far  from  being  common  aflured  by  (horl  and  garnet,  ap- 
proach more  to  the  fufibility  of  felfpar,  (the  fuppofed  menftruum)  than  either  quarts  or 
mica.  Thefe,  therefore,  are  thofe  which  fhould  cryftallizc  without  any  regular  form  in 
the  Baronet's  hypothefis,  and  not  the  quartz  and  mica;  which  is  juft  the  contrary  of  what 
he  himfelf  has  obfcrved,  for  he  tells  us,  p.  9,  "  he  found  the  cryftals  of  felfpar  regularly 
"defined." 

Sir  James  has  fince,  very  wifely,  declined  juft  if  ying  his  theory  of  the  formation  of  gra- 
nite by  fufion ;  and  by  the  advice,  Dr.  Hope  very  properly  applied  himfelf  to  experiments, 
on  various  fpecies  of  whin,  a  denomination  which  in  Scotland  comprehends  grunftein, 
bafalt,  trap,  wacken,  and  porphyry. 

Porphyry  (tones,  in  which,  except  the  laft,  none  of  the  component  ingredients  are  found 
regularly  cryftalized,  and  on  the  laft  he  has  made  no  experiment.  The  former,  he  tells  us, 
were  foftened  or  fufed  in  a  heat  of  from  380  to  550  of  Wedgwood,  the  glafles  to  which 
they  were  reduced  were  foftened  on  a  range  of  from  150  to  240,  and  the  mafles  of  the 
original  (tony  appearance,  to  which  thefe  glafles,  reduced  by  flow  cooling,  were  foftened 
,  in  degrees  of  heat  from  32  to  45.  To  the  formation  of  thefe  laft  he  conftantly  applies  the 
term  cryftalization^  and  calls  them  cryftalites.  To  the  vague  term  of  cryftalization  I  mult 
however  object,  for  as  thofe  (tones  in  their  original  (tate  prefent  no  regular  cryftals,  but 
are  at  mod  internally,  and  imperfe&ly  cryftalized,  fo  they  mull  be  when  reduced  from  a 
glafly  (tate,  to  one  refembling  their  original,  and  thus  difcover  rather  a  nifus  towards  cry- 
ftalization, than  perfect  cryftals,  which  latter  the  term  cryftalization  generally  applied, 
would  lead  us  to  expe£t. 

Before  I  proceed  to  the  detail  of  thefe  experiments,  1  muft  obferve,  that  the  different 
fufibilities  of  thefe  cryftalites^  as  he  calls  them,  indicate  a  very  different  (tate  from  that  in 
which  they  originally  exifted ;  the  former  requiring  a  heat  of  from  320  45 ° ,  and  the  latter  a 
heat  of  from  38°  to  550,  the  reafon  of  which  is  eafily  difcovered,  when  the  two  dates  ar6 
deduced  from  a  different  origination,  but  is  in  vain  fought  for  when  both  are  to  be  de- 
duced from  one  and  the  fame  origin. 

Paffing  over  the  general  preliminary  accounts  of  thefe  experiments,  which  are  to  be 
found  from  p.  7,  to  p.  10  of  this  diflertation,  I  (hall  now  examine  the  moft  important 
particulars  of  each,  as  far  as  they  give  occafion  to  any  (hiking  obfervations.  In  this  exa- 
mination I  am  much  afiifted  by  the  ingenious,  accurate,  and  fkilfully  conduced  analyfes  of 
Dr.  Kennedy,  who  bids  fair  to  rival  the  excellence  attained  by  the  greateft  matters  of  that 
jjiblime  and  difficult  art 

(To  be  concluded  in  our  next.J 
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Experiments  on  the  CombuJHon  of  the  Diamond,  the  Formation  of  Steel  by  its  Combination  with 
Irony  and  the  pretended  Tranfmijfion  of  Carbon  through  the  Veffels.  By  Sir  George 
Stuart  Mackenzie,  Bart. 

To  Mr.  NICHOLSON. 


SIR, 


T, 


HE  account  which  I  now  fend  you,  of  fome  experiments  with  regard  to  the  proper* 
ties  of  the  diamond,  and  the  formation  of  fteel,  was  read  at  a  meeting  of  the  Royal  Society 
of  Edinburgh,  on  the  3d  of  February  laft.  By  giving  it  a  place  in  your  valuable  Journal, 
you  will  much  oblige, 

Sir, 

Your  obedient  fervant, 

Edinb.  \Jt.  May,  1800.  GEORGE    S.  MACKENZIE. 


The  phenomena  exhibited  by  the  diamond  during  combuftion  have  been  defcribed  by 
various  authors  *,  but  the  temperature  at  which  this  combuftion  takes  place  has  not  as  yet 
been  afcertained.  I  have  made  feveral  experiments  on  diamonds  with  a  view  both  to 
fatisfy  myfelf,  as  to  their  appearance  while  burning,  and  alfo  to  determine  at  what  degree 
of  Wedgwood's  pyrometer  they  begin  to  be  confumed.  My  experiments  were  conduced 
in  the  following  manner  f. 

A  diamond  was  placed  on  a  thin  flat  piece  of  baked  Cornifh  clay,  and  introduced  into  a 
muffle,  previoufly  heated  red  hot.  It  foon  acquired  the  fame  rednefs  as  the  muffle,  but  in 
a  few  moments  more,  became  diftinguifhed  by  a  bright  glow  J.  It  was  then  removed,  and 
on  examination,  its  tranfparency  and  luftre  appeared  to  be  affeded.  It  had  a  flight  milky 
appearance  $,  its  angles  were  blunted,  and  its  bulk  was  alfo  con  Gderably  diminished.  After 
being  replaced  in  the  muffle,  it  was  confumed  flowly,  and  at  laft  difappeared  entirely. 

The  French  chemifts  take  notice  of  their  having  obferved  on  diamonds  after  being  fub- 
jefted  to  a  ftrong  heat,  black  fpecks,  and  a  blackifhnefs  upon  their  furfaces.  Mkouard 
fays,  that  in  one  of  his  experiments,  a  diamond  had  become  as  black  as  jet.     In  the  many 

•  D'Arcet,  Rouelle,  Cadet,  La  voider,  &c.  Journal  de  Phyfique  for  1772,-73,-89.. 

f  All  the  diamonds  ufed  in  thefe  experiments  were  cut  and  poliflied. 

t1  This  glow  is  defcribed  by  D'Arcet  and  Rouelle  as  being  more  or  lefs  bright,  in  different  diamonds, 
expofed  to  heat  at  the  fame  time.  This  difference,  I  fuppofe,  was  owing  to  their  being  nearer  to,  or  farther 
from  the  mouth  of  the  muffle,  and  confequently  differently  expofed  to  the  action  of  the  air. 

$  "  Qui  eft  d'une  transparence  un  peu  Imteufe"    Journ,  de  Ph.  Vol.  I.  for  1771,  p.  485. 
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experiments  detatted  in  the  Journal  de  PhyGque,  this  effcA  was  not  uniformly  produced, 
and  has  not  been  properly  explained.  I  did.not  obferve  any  of  thefe  appearances  on  dia- 
monds wfrich  had  been  expofed  to  various  degrees  of  heat  between  15°  and  30°.  There 
was  a  fort  of  luminous  haze  round  the  diamond  while  burning,  but  fo  feeble  as  to  be 
fcarcely  perceptible"  *. 

During  the  combuft'on  of  a  diamond)  I  placed  befide  it  a  fmall  piece  of  plumbago,*  and 
obferved,  that  the  latter  exhibited  a  luminous  appearance  fimilar  to  that  of  the  former,  but 
it  began  at  a  lower  temperature.  The  air  being  excluded  for  a  few  minutes  by.  doling  the 
mouth  of  the  muffle,  the  diamond  and  plumbago  both  loft  their  brightnefs ;  but  this  foon 
returned,  after  the  air  was  allowed  to  circulate  in  the  muffle,  and  was  much  increafed  by 
blowing  on  them  with  a  pair  of  bellows. 

I  expofed  a  diamond  fixed  in  a  fine  platina  wire  to  the  a&ion  of  the  blow  pipe,  during 
which  treatment  its  confumption  was  extremely  flow,  owing,  I  prefume,  to  the  impurity 
of  the  air  blown  upon  it. 

In  order  to  afcertain  at  what  temperature  this  fubftance  begins  to  be  confumed,  I  placed 
a  diamond  with  a  pyrometer  on  a  piece  of  baked  clay,  and  puflted  them  gradually  into  the 
muffle.  As  foon  as  both  were  perfe£Uy  red  throughout,  the  pyrometer  was  withdrawn, 
and  indicated  13°.  The  diamond  had  acquired  the  dim  milky  appearance  already  men- 
tioned. The  diamond  and  pyrometer  were  replaced  in  the  muffle,  and  the  heat  being 
flowly  increafed,  till  the  glow  appeared,  was  continued  as  equal x  as  poffible,  till  the  dia- 
mond was  totally  confumed:  the  pyrometer  was  then  meafured,  and  indicated  i4°f*  In 
another  diamond,  the  heat  requifite  to  produce  the  glow  was  i£9,  and  at  this  temperature 
it  was  wholly  confumed. 

Thefe  obfervations  were  made  in  prefence  of  Lord  Webb  Seymour,  Sir  James  Hall, 
and  Dr.  Kennedy. 

The  experiments  above-mentioned  were  fevetal  times  repeated  with  different  diamonds : 
and  the  refult  of  the  two  laft  (hows,  that  the  heat  required  for  their  combuftion  !s  far 
below  what  has  hitherto  been  fuppofed  neceffary. 

The  experiment  of  Guyton,  in  which  the  diamond  was  totally  converted  into  carbonic 
acid  by  its  combuftion  in  oxygene  gas,  has  afforded  a  decifive  proof  of  its  identity  with 
carbon.  This  important  difcovery  has  been  farther  confirmed  by  obtaining  fteel  from  die 
union  of  diamond  with  foft  iron.  I  repeated  the  latter  experiment  in  the  following 
manner. 

*  •  "  On  a  appercu  a  leur  ftirface,  deja  diminuee  de  volume,  une  flamme  legere,  et  entierement  femblable, 
pour  la  couleur,  a  cclle  que  Ton  voit  ondnler  fur  une  portion  dePhofphore  expose  a  1'air  libre."  Journ.  dc 
Ph.  Vol.  II.  for  1772,  p.  114. 

f  The  pyrometers  ufed  ia  thefe  experiments  were  made  forae  years  ago  by  the  late  Mr.  Wedgwood ; 
and  are  the  fame  with  thofe  which  he  has  defcribed  in  Vol.  76  of  the  Philofophical  Tranfa&ions  of  London.' 
I  mention  this  becaufe  thole  lately  fold  at  the  manufactory,  do  not  agree  with  the  former  fUndard. 
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Into  a  (mall  hollow  cylinder  of  foft  iron,  clofcd  at  one  end,  I  put  fome  diamonds,  and 
having  introduced  into  the  cavity  above  them  a  ftopper  of  the  fame  foft  iron,  which  fitted 
exa&ly,  the  two  pieces  were  rivetted  together  at  the  top.  The  (topper  was  nearly  in  con- 
tact with  the  diamonds,  but  I  did  not  (ill  up  the  intermediate  fpace  with  iron  filings,  as 
the  French  chemifls  did,  for  fear  of  introducing  fome  fragments  of  fteel  from  the  file. 
Having  placed  the  cylinder  in  a  Heffian  crucible,  I  furrounded  it  with  a  mixture  of  dry 
fand  and  clay*.  I  luted  a  lid  on  this  crucible,  and  placed  it  in  another,  on  which  a  lid 
was  alfo  luted,  and  a.fmall  clay  cafe  containing  a  pyrometer  piece,  was  attached  to  its  out- 
fide.  I  wifhed  to  fubjcft  the  iron  to  a  heat  not  exceeding  1500;  for  which  purpofe  I 
placed  the  crucibles  in  a  forge.  After  they  were  red  hot,  the  (ire  was  raifed,  till  I  thought 
it  had  attained  the  pitch  defired,  and  was  then  continued  as  equal  as  poflible  for  an  hour. 
The  pyrometer  indicated  15 1°. 

On  opening  the  crucibles,  I  found  that  the  upper  part  of  the  iron  had  been  melted,  and 
I  obferved  feveral  bright  metallic  globules  adhering  to  the  compa&ed  mafs  of  fand  and  clay 
next  the  iron.  The  lower  part  of  the  cylinder  retained  its  (hape,  but  except  a  portion  of 
the  bottom  which  remained  fmooth,  was  bliftered  on  the  furface.  Having  polifhed  both 
ends  of  it,  I  found  that  on  touching  them  with  diluted  nitric  acid,  they  exhibited  the  fpot 
which  that  acid  ufually  produces  on  fteel.  The  fpot  on  the  end  which  had  been  fufed, 
was  confiderably  darker  than  that  on  the  other.  I  cut  off  the  portion  which  had  remained 
fmooth,  and  having  heated  it  red  hot,  and  plunged  it  into  cold  water,  it  became  fo  hard, 
that  no  impreflion  could  be  made  on  it  with  a  file.  Several  cavities  were  found  within  the 
cylinder,  but  the  diamonds  had  totally  difappeared. 

The  whole  cylinder  was  thus  converted  into  fteel ;  one  end  being  reduced  to  the  date  of 
caft  fteel,  and  the  other  remaining  in  that  of  cemented  fteel ;  from  which  it  feems  proba- 
ble, that  the  upper  part  alfo  had  pafied  into  the  ftate  of  cemented  fteel  before  it  began  to 
melt.  It  may  therefore  be  inferred,  that  diamond  may  be  combined  with  iron  fo  as  to  form 
fteel  by  the  fimple  prdcefs  of  cementation* 

Mr.  Mufliet,  of  the  Clyde  Iron  Works,  has  lately  publiftied  in  the  Philofophical  Maga- 
zine, an  account  of  certain  precedes,  with  a  view  to  prove  "That  the  experiment  per- 
formed at  the  Polytechnic  School  refpefting  the  converfion  of  iron  into  fteel,  by  means  of 
the  diamond,  was  not  conclufive."  The  manner  in  which  Mr.  Mufhet's  experiments  were 
€ondu£ted,  appeared  to  me  to  be  liable  to  fome  objections  ;  and  it  was  therefore  neceflary 
to  ascertain,  how  far  the  diamond  had  contributed  to  the  formation  of  the  fteel  in  the  laft 
experiment,  by  expofing  part  of  the  iron  of  which  the  cylinder  was  made  to  the'  fame  de- 
gree of  heat  in  fimilar  circumftances.  Accordingly,  a  portion  of  the  fame  iron  was  im- 
bedded in  (and  and  clay,  and  the  apparatus  was  arranged,  and  the  forge  managed  precifely 
as  in  the  laft  experiment.     At  the  end  of  an  hour,  the  crucibles  being  withdrawn  from  the 

,   *  The  quartzy  fand,  called  Lynn  fand,  wafhet)  and  heated  red  hot— Stourbridge  clay. 
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fire,  and  allowed  to  cool,  I  found  that  one  end  of  the  cylinder  wai  fiightfy  bliftered ;  bat 
otherwife  had  retained  its  Chape  and  original  qualities.     The  temperature  was  1529. 

I  may  here  once  for  all  obferve,  that  I  took  care  to  examine  whether  the  iron  made  ufe 
of  was  real  foft  iron,  before  it  was  fubje&ed  to  experiment.  I  likewife,  in  every  inftance, 
referred  a  part  of  the  iron,  as  a  ftandard  with  which  I  compared  that  on  which  the  expe- 
riment had  been  made.  In  this  I  was  affifted  by  a  fkilful  workman,  who  in  my  prefence 
made  trials  of  the  hardnefs  and  malleability  of  the  metal  when  heated  to  various  degrees  of 
temperature,  and  alfo  when  cold,  after  having  been  ignited  and  plunged  into  water.  When- 
ever therefore,  in  future,  I  mention  foft  iron  as  remaining  unaltered  after  an  experiment, 
I'wifli  it  to  be  undei flood,  that  it  was  fubjefted  to  thefe  proofs  of  its  malleability,  and  that 
it  had  the  fame  qualities  with  the 'portion  of  foft  iron  that  had  been  reserved. 

This  refult  affords  a  proof,  that  ironexpofed  to  a  heat  of  1500  during  one  hour,  cannot 
be  converted  into  fteel  without  the  aid  of  carbon ;  and  that  in  the  firft  experiment,  the 
converfion  into  fteel  was  folely  to  be  attributed  to  the  adtion  of  the  diamond. 

Mr*  Mufhet's  doubt,  "  whether  the  diamond  afforded  even  one  particle  of  carbon  to  the 
iron,"  is  thus  clearly  removed.  In  the  paper  above-mentioned,  he  ftates  it  as  his  opinion, 
founded  on  his  own  experiments,  that  when  foft  iron  is  expofed  to  a  high  temperature, 
carbon  diflblved  in  caloric  penetrates  the  crucibles,  and  the  reft  of  the  apparatus  in  which 
it  is  cnclofcd,  and  converts  the  iron  into  fteel.  In  order  to  determine  how  far  this  opinion 
was  well  founded,  I  made  the  following  experiments : 

My  firft  obje&  was  to  expofe  foft  iron  to  ftrong  heat,  in  an  apparatus  which  might  abso- 
lutely exclude  all  carbonaceous  matter,  exoept  fuch  as  might  be  fo  diflblved.  This  I  hoped 
to  accomplifh  by  making  ufe  of  compact  crucibles,  and,  for  greater  fecurity  by  the  inter- 
pofition  of  fome  fubftance  between  the  iron  and  the  crucibles. 

On  confidering  with  Dr.  Kennedy  what  fubftance  would  mod  effectually  anfwer  this 
purpofe,  we  agreed  that  pure  white  feifpar  (adularia)  would  be  the  beft;  for  Dr. 
Kennedy,  in  the  courfe  of  an  analyfis  of  this  fubftance,  having  found  that  it  began  to  pafs 
into  the  ftate  of  glafs  about  900,  we  concluded,  that  before  the  heat  was  of  fufficient  in- 
tenfity  to  melt  the  iron,  it  would  be  furrounded  by  a  vitreous  mafs  perfectly  free  from  car* 
bonaceous  matter;  and,  as  we  prefumed,  impervious  to  the  adion  of  carbon  from  with- 
out. Another  reafon  for  ufing  adularia  was,  that  its  a&ion  on  crucibles  is  but  flight, 
which  would  prevent  any  rifk  of  the  experiment  failing  by  their  being  melted. 

For  the  procefies  next  to  be  defcribed,  I  made  fome  fmall  crucibles  of  the  porcelain 
clay  of  Cornwall,  and  baked  them  in  a  ftrong  heat.  Into  one  of  thefe  I  put  fome  feifpar 
in  fine  powder,  upon  which  having  placed  a  fmall  cylinder  of  foft  iron,  the  crucible  was 
filled  with  the  feifpar,  fo  that  the  iron  was  completely  furrounded  with  it*  On  this  cm* 
cible  I  luted  a  fid  of  the  fame  clay,  and  placed  it  in  a  Heffian  crucible,  which  was  filled  up 
with  powdered  feifpar.  Having  alfo  luted  a  lid  on  the  Heffian  crucible,  I  attached, to  its 
outfidc  a  fmall  clay  cafe  containing  a  pyrometer  piece,  and  covered  the  whole  with  a  coat- 
ing of  Stourbridge  clay  and  quartzy  fartd.    The  crucible  and  its  contents  were  then  placed 
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in  an  air  furnace,  and  the  heat  was  raifed  gradually  for  an  hour*  During  a  fecond  hour  it 
was  continued  at  its  higheft  pitch ;  after  which  the  apparatus  was*  removed  from  the  fire  •• 
The  heat  marked  by  the  pyrometer  was  15  a0. 

The  iron  had  retained  its  ihape  perfe£tly,  and  its  properties  remained  unchanged.  The 
felfpar  was  reduced  to  a  glafs,  perfe£Uy  tranfpareht  and  colourlefs,  except  that  it  had  re* 
ceived  a  greenifh  tinge  where  it  was  in  contaft  with  the  iron.  This,  I  prefume,  it  derived 
from  a  fmall  portion  of  oxide  formed  on  the  furface  of  the  iron,  by  the  air  unavoidably 
included  in  the  crucibles. 

Wifliing  to  exclude  the  felfpar  from  the  iron,  I  varied  the  procefs  by  placing  a  piece  of 
iron  alone  in  a  cornifh  clay  crucible,  luting  on  a  lid,  and  imbedding  this  in  another  cru- 
cible filled  with  felfpar.  ,  The  heat  was  continued  for  an  hour  and  a  half.  I  found  that 
the  melted  felfpar  had  penetrated  into  the  interior  crucible,  and  that  part  of  it  had  reached 
the  iron  which  (till  remained  unaltered. 

In  order  effe&ually  to  prevent  the  felfpar  from  coming  into  conta&  with  the  metal,  I 
next  put  a -piece  of  iron  into  one  of  the  fmall  cornifh  clay  crucibles,  and  inverted  another 
of  a  larger  fize  over  it.  The  two  crucibles  were  luted  together  with  a  mixture  of  Cornifh 
clay  baked  in  a  heat  of  1600,  and  a  little  of  the  fame  clay  in  its  raw  ftate.  I  placed  them 
in  a  Heflian  crucible,  furrounded  them  with  fragments  of  felfpar,  and  luted  on  a  lid  as 
before.  The  heat  was  managed  as  in  the  former  experiment,  and  continued  in  its  greateft 
intenGty  for  an  hour  and  a  half.  I  found  the  fmall  crucibles  intire,  and  imbedded  in  the 
glafs  of  the  felfpar.  The  oxide  of  the  iron  had  a£ted  on  the  interior  crucible,  and  formed 
a  fmall  quantity  of  brownifh  glafs.  The  iron  retained  its  fhape  and  foftnefe,  and  poflefled 
none  of  the  properties  of  fteel. 

Mr.  Mufliet  is  of  opinion,  that  carbon  duTolved  in  caloric,  penetrates  but  flowly  through 
earthy  bodies.  It  therefore  occurred,  that  he  might obje£t  to  thefe  refults  as  un&tisfa&ory, 
becaufe  I  had  not  allowed  fufficient  time  for  the  carbon  to  find  its  way  through  the  thick 
mafs  of  crucibles  and  felfpar  in  which  the  iron  was  imbedded.  This  I  hoped  to  obviate  by 
the  following  experiments. 

Having  placed  in  a  Heflian  crucible  a  piece  of  foft  iron,  weighing  about  half  a  pound 
troy,  I  furrounded  it  with  fand.  This  crucible  was  included  in  two  others  of  the  fame 
kind,  and  the  fpace  between  each  being  filled  with  fand,  lids  were  luted  on,  and  the  whole 
was  placed  in  the  reverberatory  at  Mr.  Barker's  Iron  Foundery,  and  allowed  to  remain  in 
its  utmoft  heat  for  fix  hours.  When  taken  out,  I  found  that  the  afhes  carried  up  by  the 
flame  had  vitrified  a  great  part  of  the  crucibles,  fo  as  to  form  two  fmall  apertures  in  the 
interior  crucible  which  contained  the  iron ;  but  to  my  furprize  I  found  the  iron  unaltered, 
except  that  it  was  (lightly  oxidated  on  the  furface.    The  pyrometer  was  deftroyed. 

In  a  fecond  experiment  with  another  piece  of  iron,  I  filled  the  interlaces  between  the 
crucibles  with  lute  made  of  fand  and  clay.    The  heat  was  continued  for  four  hours  only, 

•  la  all  thefe  experiments  the  fuel  was  coak. 
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at  the  end  of  which  I  found  the  outer  crucible  vitrified,  but  the  interior  ones  inthre.    The 
pyrometer  meafured  153%  and  the  iron  remained  unchanged. 

Finding  that  under  the  circumftances  above-mentioned  no  carbon  penetrated  to  the  iron, 
I  now  refolved  to  repeat  Mr.  Mufhet's  firft  experiment,  following  exa&ly  the  procefs  which 
he  has  defcribed ;  and  as  he  does  not  inform  us  what  kind  of  crucibles  he  ufed,  I  took 
Englifh  crucibles,  which  are  lefs  £ompa£t  than  the  Heffian. 

•  Mr.  Mufliet  fays,  that  he  ufed  fand,  obtained  by  pounding  the  (lone  of  which  the  fur- 
nace hearths  at  Clyde  Iron  Works  are  made.  I  am  unacquainted  with  this  particular  ftone  * 
but  it  is  well  known,  that  many  fand-ftones  contain  coaly  matter.  I  therefore  made  ufe  of 
Lynn  fand. 

Into  an  Englifh  crucible  I  put  three  fmall  cylinders  of  foft  iron,  and  on  this  luted  a  lid 
made  of  fand,  with  a  very  fmall  proportion  of  clay.  I  placed  this  in  a  larger  crucible  con-, 
taining  fome  fand,  and  covered  it  up  with  the  fand,  till  the  QUter  crucible  was  almoft  full. 
Having  adjufted  a  lid  to  it,  I  placed  the  whole  in  the  air  furnace.  The  fire  was  managed 
as  in  the  former  experiments,  and  the  greateft  heat  continued  for  one  hour  and  a  half, 
when  the  crucibles  were  taken  out  entire. 

Part  of  the  interior  crucible,  and  the  oxide  of  the  iron,  occaffoned  by  the  included  air 
had  entered  into  fufion,  and  formed  a  fmall  quantity  of  brownifh  glafs.  The  three  pieces 
of  iron  adhered  flightly  together,  and  on  thofe  parts  which  had  not  been  in  contall  with 
the  glafs,  there  was  a  thin  film  of  oxide,  which  eafily  fcaled  off:  but  the  fhape  of  the  cy- 
linders was  not  altered.  On  feparating  them,  I  found  that  they  retained  all  the  qualities 
of  foft  iron.  Their  foftnefs  mud  therefore  have  been  fuch  as  to.  unite  them  by  a  procefs. 
fimilar  to  that  of  welding. 

As  Mr.  Mufliet  informs  us,  that  in  one  of  his  experiments  his  crucible  was  cracked,  I 
conceived  that  carbon  might  have  found  accefs  to  the  iron  through  the  aperture  in  the  form, 
of  carbonic  acid,  of  flame,  or  of  fmoke.  In  order,  therefore,  to  afcertain  how  far  the 
procefs  was  afrefted  by  this  circumftance,  I  followed  the  detail  of  his  experiment  precifely  ;. 
ufing  a  cracked  crucible,  and  fand  pounded  from  a  fand  ftone,  in  which,  however,  I  could 
difcover  no  traces  of  coaly  matter.  The  heat  in  this  experiment  was  continued  for  an  hour 
and  a  half.    The  iron  remained  unchanged. 

With  the  fame  view  I  made  a  fecond  experiment,  which  I  imagined  would  be  ftill  moro. 
decilive.  A  fmall  (hallow  crucible  containing  a  cylinder  of  foft  iron,  fimilar  to  thofe  for* 
merly  ufed,  was  placed  in  a  larger  one,  through  the  fides  of  which  I  had  bored  three  holesw 
In  this  inftance,  no  fand  was  introduced  into  either  of-  them.  Having  adjufted  a  lid  to  the 
outer  crucible/ 1  expofed  the  whole  to  the  greateft  heat  that  the  forge  could  produce  for 
forty-five  minutes  *.  after  which  the  iron  was  found  not  to  have  received  any,  alteration  in 
its.  qualities. 

In  the  experiments  already  defcribed,  the  heat  generally  exceeded  150,  but  was  not  of 
.  Efficient  intenfity  to  melt  the  iron,  and  the  refults  would  fcarcefy  have  fatisfied  m£,  had  I: 
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not  found  that  foft  iron,  in  one  folid  piece,  in  fragments,  or  in  filings,  may  be  perfeQJy 
fufed  without  undergoing  any  change  in  its  properties. 

A  cylindrical  piece  of  foft  iron,  fcbout  an  inch  in  length,  and  half  an  inch  in  diameter, 
after  being  placed  on  its  end  in  a  Heflian  crucible,  and  furrounded  with  quartzy  fand,  was 
expofed  to  a  ftrong  heat  in  a  furnace.  The  upper  half  of  the  cylinder  loft  its  fliape  and 
funk  down :  but  the  iron  retained  its  original  properties. 

The  fufibility  of  foft  iron  is  proved  in  a  more  fatisfa&ory  manner  by  the  following  ex-' 
periments :  fire  thin  flat  pieces  of  foft  iron,  making  when  laid  together  half  a  cubic  inch, 
foftened  into  one  folid  mafs,  which  (till  poflefled  all  the  properties  of  malleable  iron. 

I  took  two  Cornifh  clay  crucibles,  and  in  one  placed  a  fmall  cylindrical  piece  of  foft 
iron,  which  weighed  only  twenty-five  grains,  and  in  the  other  the  fame  weight  of  filings 
of  foft  iron.  Both  were  placed,  together  with  a  pyrometer,  in  a  Heflian  crucible,  on 
which  a  lid  was  luted,  and  the  apparatus  was  expofed  to  the  heat  of  the  forge  for  three 
quarters  of  an  hour.  Both  the  cylinder  and  the  filings  were  melted  into  buttons.  The 
heat  was  158°. 

Wifliing  to  afcertain  whether  oxide  of  iron  would  unite  with  foft  metallic  iron  when  in 
fufion,  and  render  it  brittle,  I  mixed  fome  iron  filings  with  a  tenth  part,  by  weight,  of 
fcales  of  iron  from  a  blackfmith's  anvil,  in  the  ftate  of  fine  powder,  and  put  the  mixture 
into  a  Heflian  crucible,  included  within  a  larger,  which  I  placed  in  the  forge,  together 
with  another  containing  fome  of  the  fame  filings  without  oxide,  and  a  pyrometer.  The 
heat  was  applied  for  three  quarters  of  an  hour,  after  which  I  found  a  folid  button  in  each 
of  the  crucibles.  The  fufion  was  fo  complete,  that  in  the  crucible  containing  the  mixture 
of  filings  and  oxide,  fome  of  the  melted  iron  had  penetrated  through  a  very  fmall  hole, 
and  remained  between  the  interior  crucible  and  the  exterior.  The  heat  indicated  by  the 
pyrometer  was  the  fame  as  in  the  laft  experiment,  158°.  The  workman  with  whom  I 
tried  the  malleability  of  thefe  two  buttons,  faid,  he  could  difcover  no  difference  between  • 
them,  and  that  he  thought  they  confided  of  the  fofteft  and  mod  du&ile  iron  he  had  ever 
examined. 

As  the  iron  was  here  found  to  be  melted  at  158°,  and  as  in  preceding  experiments  in 
the  furnace,  and  alfo  in  Mr.  Barker's  reverberatory,  pieces  of  iron  did  not  melt  at  1530, 
it  appears  that  the  heat  requifite  for  reducing  foft  du&ile  iron  to  fuGon,  exceeds  153% 
but  is  not  higher  than  1580. 

From  the  refult  of  the  foregoing  experiments,  I  hope  it  is  evident,  that  foft  iron  cannot 
be  converted  into  fteel,  by  carbon  penetrating  from  the  fuel  through  the  crucibles.  As  ' 
MnMufbet  has  not  proved  by  humid  analyfis,  that  his  refults  contained  carbon,  I  am  in- 
clined to  think,  that  in  certain  circumftances,  iron  may  perhaps  be  combined  with  earths, 
fo  as  to  form  a .  compound  in  fome  degree  refcmbling  fteel.  The  experiments  publifhed 
by  Clouet  feem  to  afford  grounds  for  this  fuppofition.  One  of  thefe  I  have  repeated, 
namely,  the  fufion  of  iron  filings  with  a  mixture  of  carbonate  of  lime,  and  powdered 
crucibles,  and  obtained  a  button  which  became  very  hard,   when  heated  red  hot  and 
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plunged  into  water.  But  I  did  not  fucceed  when  I  employed  pieces  of  nails '  inftead  of 
filings }  for  the  nails  remained  unmelted  and  foft.  I  propofe  to  make  fome  experiment* 
on  the  fufion  of  iron  with  earths,  and  to  analyfe  the  produ&s,  in  order  to  learn  whether 
fuch  a  combination  can  take  place, 

I  (hall  conclude  by  relating  a  new  experiment,  to  which  I  hare  fubje£ted  the  diamond, 
by  which  the  identity  of  this  fubftance  with  carbon  is  (till  farther  confirmed. 

Having  prepared  fome  pure  oxide  of  iron  from  a  folution  of  the  fulphate,  by  precipita- 
tion with  cauftic  ammonia,  I  mixed  a  fmall  quantity  of  it  with  one  fourth  of  its  weight  of 
diamond  powder,  prepared  in  the  following  manner : 

The  diamond  being  reduced  to  powder  in  a  fteel  mortar,  was  boiled  in  muriatic  acid,  to 
diflblve  the  iron  which  might  have  been  abraded  from  it*  After  proper  edulcoration,  it 
was  heated  in  a  muffle  to  burn  off  the. carbon  of  the  fteel  which  remained  after  treatment 
with  the  acid,  and  which  rendered  the  powder  of  a  grey  colour.  I  obferved  the  coaly 
matter  take  fire  at  the  edge  of  the  heap  of  powder  next  the  ftrongeft  heat,  and  gradually 
fpread  itfelf,  till  at  laft  the  whole  appeared  as  if  burning.  The  glow  through  the  powder 
ceafed  foon  after,  and  on  removing  it  I  found  it  perfe&ly  clean  and  white.  From  the 
diminution  of  the  original  weight  of  the  diamond}  I  found  that  a  part  of  it  had  alfo  been 
confumed. 

The  mixture  of  oxide  and  diamond  powder  was  put  into  a  Cornifli  clay  crucible,  and 
expofed  to  a  pretty  ftrong  heat  for  half  an  hour,  after  which  the  oxide  was  found  to  be 
teduced  into  a  metallic  button  of  cad  iron. 

Another  portion  of  the  oxide  of  iron  ufed  in  this  experiment,  was  not  reduced. when 
plaoed  in  the  fame  circumflances  without  the  diamond. 


III. 
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Account  of  certain  Phenomena  obferved  in  the  Air  Fault  of  the  Furnaces  of  the  Devon  Iron 
Works  * ;  together  with  fome  praBical  Remarks  on  the  Management  of  Blaft  Furnaces: 
By  Mr.  John  Roebuck,  in  a  Letter  to  Sir  James  Hall,  Bart\. 

SIR, 


i 


HAVE  examined  my  memorandums,  concerning  the  obfervations  I  made  on  the  con- 
den  fed  air  in  the  air  vault  of  the  Devon  iron  works,  near  Alloa  ;  and,  according  to  yonr 
rcqueft,  I  now  tranfmit  you  an  account  of  them ;  and  alfo  of  an  experiment  I  made,  when 

•  Thcfe  iron  works  arc  on  the  banks  of  the  river  Devon,  which  runs  into  the  Frith  of  Forth  near  Alloa. 
They  are  3  miles  from  Alloa,  and  %  from  Stirling. 

t  Communicated  by  him  to  the  Royal  Society  of  Edinburgh,  and  iaferted  in  the  fifth  Vol.  of  their 
TnmTa&ions. 

It  was  omitted  to  be  mentioned,  that  Sir  James  Hall's  paper  in  our  two  laft  Numbers  is  infaled  in  the 
fame  volume. 

a  partner 
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a  partner  and  manager  of  thcfe  works,  in  order  to  incrcafe  the  produce  of  Waft 
furnaces. 

The  two  blaft  furnaces  at  Devon  are  of  large  dimensions,  each  being  44  feet  high, 
and  about  13  feet  wide  in  the  bodies,  or  wideft  part,  and  are  formed  on  a  fteep  bank,  by 
two  pits  funk  in  a  very  folid  ftratum  of  coarfe  grained  freeftone, 

Thefe  pits  were  afterwards  (haped  and  lined  in  the  ufual  manner  of  blaft  furnaces,  with 
common  bricks  and  (ire  bricks,  and  the  hearth  was  laid  with  large  blocks  of  jbe  (tone 
that  had  been  dug  out,  and  which  ferve  the  purpofe  of  fire  (tones.  At  the  back  of  the  two 
furnaces,  next  the  bank,  the  air  vault  is  excavated,  and  formed  by  a  mine  drove  in  the 
folid  rock,  diftant  from  the  furnaces  about  16  feet.  The  bottom  of  the  air  vault  is  only 
about  4  feet  higher  than  the  level  of  the  bottom  of  the  furnaces.  .  This  vault  has  an 
aperture  at  one  end  to  receive  the  air  from  the  blowing  machine,  and  has  two  at  the 
oppofite  end,  one  of  which  receives  the  edu&ion  pipe,  and  the  othlr  is  i  door  to  give  ad- 
mittance occasionally  into  the  vault.  As  the  rock  is  extremely  clofe  and' folid,  the  vault  is 
dry,  except  that  a  little  water  ouzes  very  gently  from  the  fide  next  the  bank  in  fmall  drops, 
and  does  not  appear  to  exceed  an  Englifli  pint  in  24  hours. 

Thefe  furnaces  are  provided  with  air,  or  blaft,  as  it  is  termed,  by  the  means  of  a  fire- 
engine  of  the  old,  or  Newcomen's  conftruftion.  The  diameter  of  the  (team  cylinder  is 
48|  inches;  and  the  (quare  area  of  its  pifton  being  about  i866|  fquare  inches,  the  power 
of  this  fort  of  engine  cannot  be  rated  at  more  than  7  lb.  to  the  fquare  inch,  amounting  in 
all  to  about  13062  lb.  This  power  was  employed  to  work  an  air  pump,  or  blowing 
(cylinder,  of  78  inches  diameter,  and  about  7  feet  long.  The  number  of  fquare  inches  on 
the  pifton  of  the  air  pump  is  4778,  and  therefore  this  area,  being  multiplied  by  2-J,  will 
produce  13139,  being  a  refiftance  that  nearly  balances  the  above-rated  power,  and  (hows 
that  the  air,  which  was  expelled  from  the  air  pump,  could  not  be  condenfed  rnore  in  the 
ordinary  way  of  working,  than  with  a  compreffing  power  of  about  2^  lb.  on  each  fquare 
"v  inch;  As  the  engine  was  not  regulated,  at  firft,  to  make  a  longer  ftroke  than  about  4  feet 
8  inches,  only  one  furnace  being  ufed,  the  quantity  of  air  expelled  at  each  ftroke  of  the 
machine  was  about  155  cubic  feet,  which  it  difcharged  through  a  valve  into  the  air  vault, 
about  16  times  in  a  minute.  When  two  furnaces  afterwards  were  blown,  the  engine  was 
regulated  to  work  much  quicker,  and  with  a  longer  ftroke.  The  air  vault  is  72  feet  long, 
14  feet  wide,  and  13  feet  high;  and  contains  upwards  of  13,000  cubic  feet,  or  above  80 
times  the  contents  of  the  air  pump.  The  top,  fides,  and  bottom  of  this  vault,  where  the 
*  leaft  fiflure  could  be  difcovered  in  the  beds  of  the  rock,  were  carefully  caulked  with 
oakum,  and  afterwards  plaftered,  and  then  covered  with  pitch  and  paper.  The  intention 
of  blowing  into  the  vault  is  to  equalize  the  blaft,  or  render  it  uniform,  which  it  effeSs 
more  completely  than  any  machinery  ever  yet  contrived  for  the  fame  purpofe.  The  air  is 
amdu&ed  from  the  vault  by  the  edu&ion  pipe,  of  16  inches  diameter,  into  an  iron  be* 
or  wind  cheft,  and  from  this  it  goes  off  to  each  furnace,  in  two  fmaller  pipes  that  terminate 
in  nobles,  or  blow-pipes,  of  only  ai  to  3!  inch  diameter,  at  the  cwetr  of  the  fuiiace. 

4  When 


% 


112  Air  Vault  qf  the  Devon  Iron  Works. 

When  the  furface  was  put  in  blaft,  after  having  been  filled  with  coakes,  and  gently 
heated  for  more  than  fix  weeks,  the  keepers  allowed  it  to  have  but  little  blaft  at  firft, 
giving  it  a  fmall  blow-pipe  of  about  %\  inch  diameter,  and  likewife  letting  off  a  very  con- 
fiderable  quantity  of  air,  at  the  efcape,  or  fafety  valve  on  the  top  of  the  iron  wind  cheft, 
as  it  is  a  received  though  erroneous  opinion  among  them,  that  the  blaft  muft  be  let  on  very 
gradually  for  feveral  months.  From  the  conftru&ion  of  this  valve,  it  was  impoflible  to  ascer- 
tain the  exa£t  proportion  of  the  blaft  they  thus  parted  with,  but  I  believe  it  was  very 
confiderable.  The  confequence  was,  that  the  furnace,  after  it  had  been  in  blaft  for  feveral 
days,  never  feemed  to  arrive  at  its  proper  degree  of  heat,  but  was  always  black  and  cold 
about  the  tweer  in  the  hearth,  and  appeared  in  danger  of  choking,  or  gobbing,  as  it 
is  termed. 

After  various  experiments  tried  in  vain,  by  the  keepers  and  the  company's  engineer, 
and  others,  (indeed  they  tried  every  thing,  except  giving  the  furnace  a  greater  quantity  of 
air,  which,  as  I  afterwards  afcertained,  was  all  that  it  wanted),  they  concluded,  that  the 
air  vault  was  the  caufe  of  the  whole  mifchief;  and,  to  confirm  their  opinion;  they  faid 
they  had  now  difcovered  that  water  was,  in  confiderable  quantities,  driven  out  of  the  air 
vault  through  the  blow-pipe,  which  cooled  the  furnace  \  and  they  inGfted,  that  the  power 
of  the  engine  was  fuch  as  to  force  water  out  of  the  folid  rock ;  fo  that  this  method  of 
equalizing  the  blaft  never  would  fucceed.  The  other  managing  partner  was  fo  much 
alarmed  by  thefe  reprefentations,  that  he  began  to  confult  with  the  engineer,  and  others, 
about  finding  a  fubftitute  for  the  air  vault  at  any  expence. 

As  the  plan  of  the  blowing  apparatus  had  been  adopted  at  my  recommendation,  and 
was  now  fo  loudly  condemned  on  account  of  the  water,  I  had  other  motives,  than  mere 
intereft,  for  trying  to  become  better  acquainted  with  the  phenomena  attending  it.  I  ac- 
cordingly determined  to  go  into  the  air  vault,  and  to  remain  inclofed  in  the  condenfed 
air  while  the  engine  was  blowing  the  furnace.  It  is  an  experiment  that  perhaps  never  was 
made  before,  as  there  never  exifted  fuch  an  opportunity.  I  could  not  perfuade  the 
engineer,  or  any  other  of  the  operative  people  about  the  work,  to  be  my  companions,  as 
they  imagined  that  there  was  much  danger  in  the  experiment.  Mr.  Neil  Ryrie,  however, 
one  of  the  clerks  of  the  Devon  company,  had  fufficient  confidence  in  my  reprefentations 
to  venture  himfelf  along  with  me. 

The  machine  had  been  flopped  about  two  hours  previous  to  our  entering  the  vault,  and 
we  found  a  dampnefs  and  miftinefs  in  it,  which  difappeared  foon  after  the  door  was  (hut 
faft  upon  us,  and  the  engine  began  te  work  in  its  ufual  manner.  After  four  or  five  ftrokes 
of  the  engine,  we  both  experienced  a  Angular  fenfation  in  our  ears,  as  if  they  were  flopped 
by  the  fingers,  which  continued  as  long  as  we  remained  in  the  condenfed  air.  Our 
breathing  was  not  in  the  leaft  afie&ed.  I  had  no  thermometer  with  me,  but  the  tem- 
perature of  the  air  felt  to  us  the  fame  as  that  without  the  vault.  Sound  was  much  mag- 
nified, as  we  perceived,  when  we  talked  to  each  other,  or  (truck  any  thing ;  particularly, 
the  noife  of  the  air  efcaping  at  the  blow-pipe,  or  wafte  valve,  was  very  loud,  and  feemed 
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to  return  back  to  us.  There  was  no  appearance  of  wind  to  difturb  the'  flame  of  our 
candles ;  on  the  contrary,  I  was  furprifed  to  find,  that  when  we  put  one  of  them  into  the 
edu&ion  pipe,  which  conveys  the  wind  from  the  vault  to  the  furnaces,  it  was  not  blown 
out.  There  was  not  the  fmalleft  appearance  of  any  drops  of  water  iffuing  out  of  this 
pipe.  The  ouzing  and  dropping  of  water  from  the  fide  of  the  rock,  next  the  bank,  feemed 
the  fame  as  before  the  condenfation  was  made  in  the  vault.  In  fiiort,  every  thing 
appeared,  in  other  refpe&s,  the  fame  as  when  we  were  in  the  common  atmofphere. 
Having  remained  about  an  hour  in  the  condenfed  air,  and  fatisfied  ourfelves  that  no  water, 
during  that  time,  that  we  could  in  the  lead  difcover,  was  agitated  and  forced  out  of  the 
rock  and  vault  by  the  power  of  the  blaft,  as  was  imagined  and  infifted  on,  we  gave  the 
fignal  to  (lop  the  engine.  As  foon  as  it  ceafed  to  work,  and  the  condenfation  abated  ,and 
before  the  door*  of  the  vault  was  unferewed,  the  whole  vault,  in  a  few  feconds>  became  filled 
with  a  thick  vapour  >  fo  that  we  could  hardly  fee  the  candles  at  four  or  five  yards  diflance.  The 
door  being  now  opened,  the  work  people,  anxious  to  know  our  fituation,  and  what  had 
occurred,  came  into  the  vault,  and  prevented  any  further  obfcrvations.  # 

I  now  endeavoured  to  account  for  this  curious  appearance  of  the  water,  which  only 
(hewed  itfelf  occafionally,  in  very  fmall  quantities,  at  the  tweer,  at  a  hole  I  brdered  to  be 
made  in  the  bottom  of  the  wind  cheft  to  colleft  it  more  accurately,  for  it  never  was 
obferved,  but  either  .when  the  engine,  after  working  flowly,  was  made  to  work  quicker,  or, 
after  having  been  (lopped  for  a  few  minutes,  was  fet  to  work  again. 

I  confidered  the  vapour  which  we  had  difcovered  in  the  vault  to  arife  from  the  moifture 
of  the  fide  of  the  rock  next  the  furnace,  which  being  expelled  by  the  great  heat  of  the 
furnace,  and  converted  into  vapour,  was  able  to  force  its  way  through  the  pores  of  the 
rock  into  the  vault,  but  that  being  in  a  manner  confined  within  the  rock,  by  the  prefiure 
of  the  condenfed  air,  it  found  itfelf  at  liberty  to  come  into  the  vault,  only  when  the 
condenfation  abated  confiderably,  or  was  totally  removed  by  the  going  (low,  or  (lopping 
of  the  engine.  It  alfo  occurred  to  me,  that  the  air,  in  a  (late  of  condenfation,  might 
poffibly  be  capable  of  holding  a  greater  quantity  of  water  in  folution,  which  might  pre- 
cipitate fuddenly  into  vapour  or  mid  when  the  condenfation  abated.  I  imagined,  there- 
fore, that  the  very  fmall  quantities  of  water  we  at  times  difcovered,  proceeded  from 
nothing  elfe  but  this  vapour,  in  its  pafiagc  to  the  furnace  along  with  the  blaft,  being  con- 
denfed into  water,  by  the  coolnefs  of  the  eduttion  pipe  and  iron  wind  cheft.  The  quantity 
of  water  did  not  appear  to  amount  to  a  gallon  in  twenty- four  hours. 

A  few  days  after  I  had  made  this  experiment,  the  water  ceafed  entirely  to  make  its 
appearance,  either  at  the  tweer,  or  at  the  hole  in  the  wind  cheft  ;  but  the  furnace  did  pot 
come  into  heat  for  a  long  while  after,  and  indeed  not  till  the  keepers  let  much  more  air 
into*  it  by  a  larger  blow-pipe,  and  allowed  lefs  air  to  efcape  at  the  fafety  valve.  It  is  pro- 
bable that  the  rock  was  now  become  perfe&ly  dry  by  the  continued  heat  of  the  furnace. 

My  experiment  had  the  good  effeft  to  remove  all  the  prejudices  againft  the  plan  I  had 
adopted  of  blowing  the  furnaces,  and  likewife  prevented  the  other  partner  from  laying  out 
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a  large  funa  of-  money,  by  {topping  the  works,  and  altering  the  blowing  machinery* 
Indeed,  it  has  fince  been  admitted,  by  all  who  have  feen  it  at  work,  to  be  the  mod  fimple 
and  effective  method  of  equalizing  the  blaft  of  any  yet  put  in  practice. 

This  experiment  led  me,  fome  time  afterwards,  to  apply  a  wind  guage  that  I  contrived, 
to  afcertain  precifely  the  ftate  of  the  condenfation  of  the  air  thrown  into  the  furnaces.  X 
found  that  a  column  of  quick-Iilver  was  raifed  five  inches,  and  fometimes,  though  feldom, 
fix  inches,  and,  in  the  interval  of  the  engine  to  receive  air  into  the  air  pump,  it  fell  only 
half  of  an  inch.  At  this  time  only  one  furnace  was  worked.  But  when  two  furnaces 
were  in  blaft,  the  engine  only  raifed  the  mercurial  guage  about  4  inches,  becaufe  the  Devon 
company,  for  certain  reafons,  did  not,  while  I  continued  a  partner,  think  proper  to 
allow  the  blowing  machinery  to  be  completed,  by  the  putting  to  work  their  fecond  boiler 
of  20  feet  diameter  for  the  fire  engine,  according  to  my  original  defign,  which,  by  adjufting 
the  machinery,  would  have  enabled  us  to  blow  two  furnaces,  with  two  boilers,  with  as 
much  effect,  in  proportion,  as  one  furnace  with  one  boiler.  This  inftrument  had  the  ad- 
vantage of  enabling  the  work  people  to  difcover  the  real  power  of  their  blaft,  and  know 
the  exact  condition  of  the  air  valves,  and  the  gearing  of  the  blowing  pifton  •,  for  if  thefe 
were  not  tight,  and  in  order,  (although  the  engine  might,  to  appearance,  be  doing  well* 
by  making  the  fame  number  of  difcharges  of  the  air  pump  as  ufual  per  minute),  yet  the 
wind  guage  would  not  rife  fo  high,  and  would  (hew -that  there  was  an  imperfection  fome- 
where,  by  reafon  of  a  quantity  of  air  efcaping  at  the  valves,  or  pifton,  that  could  not  fo 
eafily  otherwife  be  known.  This  contrivance  was  confidered  as  of  much  ufe,  and  was 
afterwards  always  quoted  in  the  company's  journal  books,  to  {how  the  actual  ftate  of  the 
blowing  machine,  in  comparing  the  daily  produce  of  the  furnaces. 

I  hope  you  will  not  think  me  tedious,  when  I  explain  to  you  another  experiment,, 
which  appears  to  me  to  be  of  confiderable  importance  to  all  manufacturers  of  caft  iron. 

I  had  reafon  to  conjecture,  from  my  own  obfervations  on  the  effects  of  blowing 
machinery  on  blaft  furnaces,  as  well  as  from  the  knowledge  I  had  acquired  from  my 
father  Dr.  Roebuck,  and  from  my  communications  .with  other  experienced  iron  matters, 
mat  a  great  part  of  the  power  of  fuch  machinery  was  mifapplied  in  general  practice,  by- 
throwing  air  into  furnaces  with  much  greater  velocity  than  necefiary,  and  that,  if  this- 
velocity  was,  to  a  certain  degree  diminifhed,  the  fame  power,  by  properly  adjufting  the 
blowing  machinery,  of  whatever  nature,  would  be  capable  of  throwing  into  the  furnace 
a  proportionally  greater  quantity  of  air.  For,  €<  Since  tie  quantities  of  any  fiuid>  ijfuing. 
"  through  the  fame  aperture^  are  as  thejquare  roots  of  the  prejfure  ;"  it  follows,  that  it  would 
require ^/ox/r  times  the  preflure,  or  power,  to  expel  double  the  quantity  of  air,  through  the 
fame  aperture,  in  the  fame  time :  but  if  the  area  of  the  aperture  was  doubled,  then  the 
quantity  of  air  expelled  by  the  fame  power,  and  in  the  fame  time,  would  be  increafed  in 
the  ratio  of  the  fquare  root  of  a  to  1,  though  its  velocity  would  be  diminifhed  exactly  in 
the  fame  proportion.  Again :  I  confidered  that  the  quantity  and  intenfity  of  heat,  pro-  ~ 
ducedin  blaft  furnaces*  and  consequently  its  effects  in  increasing  the  produce,  might  be 
^        4  only 
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only  in  proportion  to  the  quantity  of  air  decompofed  in  the  procefs  of  eombuftion, 
without  regard  to  its  greater  velocity ;  that  is  to  fay,  whether  or  not  the  fame  quantity  of 
air  was  forced,  in  the  fame  time,  into  the  furnace  through  a  fmall  pipe,  or  through  one 
of  larger  dimenfions  j  for,  in  attending  to  the  procefs  of  a  common  air  furnace  for  re- 
melting  of  iron,  where  there  is  a  very  large  quantity  of  air  admitted  through  the  large  areas 
between  the  bars,  it  is  well  known,  that  a  much  greater  intenfity  of  heat  is  produced  than 
takes  place  in  a  blaft  furnace,  and  yet  the  air  does  not  enter  into  the  fire  through  the 
bars  with  increafed  den  fit  y  or  great  velocity.  I  therefore  thought  it  probable,  that  in- 
creating  the  quantity  of  air,  thrown  into  the  blaft  furnace  in  a  conGderable  degree,  although 
the  velocity  or  denftty  might  be  much  lefs,  would  have  the  cfFeft  of  increafing  its  heat,  and 
operations,  and  produce.  And  as,  from  the  principles  above  ftated,  with  regard*  to  the 
machinery,  I  faw  I  could  greatly  increafe  the  quantity  of  air  thrown  into  the  furnace,  by 
enlarging  the  diameter  of  the  blow-pipe,  and  regulating  the  engine  accordingly,  without 
being  obliged  to  employ  more  power,  1  was  anxious  to  make  this  experiment. 

A  fyftem  of  management,  of  which  I  did  by  no  means  approve,  was  adopted  by  the 
other  partners  of  the  Devon  company,  foon  after  the  works  were  begun  to  be  ere&ed ;  and, 
in  the  profecution  of  it,  they  ordered  their  fecond  furnace  to  be  put  in  blaft,,  without  per- 
mitting thofe  meafures  to  be  taken  that  were  neceflary  to  provide  and  maintain  a  fufficient 
flock  of  materials  ;  and  alfo  without  allowing  their  blowing  machine  to  be  completed, 
according  to  the  orignal  defign,  by  the  addition  of  its  fecond  boiler.  As  might  have  been 
expe&ed,  a  trial  of  feveral  months  to  carry  on  two  furnaces,  with  only  half  the  power  of 
(team  that  was  neceffary,  and  an  inadequate  (lock  of  materials,  proving  unfuccefsful,  the 
company,  as  a  remedy,  inftead  of  making  up  the  above  deficiencies,  ordered  one  of  the 
furnaces  to  be  blown  out,  and  (lopped  altogether.  This  improper  meafure,  however, 
afforded  me  the  opportunity  of  immediately  putting  in  pra&ice  the  plan  I  have  men- 
tioned. 

When  one  of  the  furnaces  was  flopped,  the  other  continued  to  be  blown  by  a  blow- 
pipe of  2\  inches  diameter,  and  the  produce  of  the  furnace,  for  feveral  weeks  thereafter, 
was  not  ao  tons  of  iron  per  week  at  an  average.  The  engine  at  this  time  was  making 
about  16  ftrokes  a  minute,  with  a  ftroke  of  the  air  pump,  about  4  feet  8  inches  long;  but 
when  I  altered  the  diameter  of  the  blow-pipe,  firft  to  3,  and  immediately  after  to  3^  inches 
diameter,  and  regulated  the  working  gears  of  the  engine,  fo  as  to  make  a  ftroke  of  5  feet 
a  inches  long,  and  about  19  ftrokes  in  a  minute,  on  an  average,  the  produce  was  im- 
mediately increafed.  It  continued  to  be,  on  an  average  of  nine  months  immediately  after 
this  improvement,  at  the  rate  of  33  torn  of  iron  per  week,  of  as  good  quality  as  formerly  ; 
for  during  this  period,  from  the  21ft  November  1795  t0  Juty  3°>  I79^»  tf"8  onc  furnacc 
yielded  1188  tons  of  iron.  No  more  coals  were  cohfumed  in  working  the  blaft  engine, 
or  other  expences  about  the  blowing  machine  incurred,  and  therefore  no  more  power  was 
employed  to  produce  this  great  effect.    It  is  alfo  of  much  importance  to  remark,  that,  the 
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confumptlon  of  materials,  from  which  this  large  produce  was  obtained,  was  by  no  means, 
fo  great  as  formerly.    The  furnace  required  very  confiderably  lefs  fuel9  lefs  iron/Ion*,  and 
lefs  limtftoney  than  were  employed  to  produce  the  fame  quantity  of  iron  by  the  former 
method  of  blowing  ;  and  .according  to  the  ftatemepts  made  out  by  the  company's  orders, 
as  great  a  change  was  effected  in  the  ceconomical  part  of  the  bufinefs. 

From  the  fucceCs  of  this  experiment,  fo  well  authenticated,  and  continued  for  feveral 
months,  I  am  led  to  be  of  opinion,  that  all  blafl  furnaces,  by  a  proper  adjuftment  of  fuch 
machinery  as  they  are  provided  with,  might  greatly  and  advantageoufly  increafe  their  prot 
duce,  by  afTuming  this  as  a  principle,  viz.  <ft  That  with  the  giving  power  It  is  rather  by  a  great 
<c  quantity  of  air  thrown  into  the  furnace  %  with  a  moderate  velocity,  than  by  a  lefs  quantity 
cc  thrown  in  with  a  greater  velocity^  that  the  greatejl  benefit  is  derived^  in  thefinelting  of  iron- 
"Jtoneiy  in  order  to  produce  pig-iron  " .  However,  it  is  by  experiment  alone,  perhaps,  that 
we  can  be  enabled  to  find  out  the  exaft  relations  of  power,  velocity,  and  quantity  of  air 
requifite  to  produce  a  maximum  of  effect  *• 

But,  an  unfortunate  difagreement  among  the  partners  of  the  Devon  company,  put  it 
out  of  my  power  to  make  further  progrefs  in  this  matter,  by  laying  me  under  the  neceflky, 
two  years  ago,  of  withdrawing  myfelf  entirely  from  the  concern. 

I  have  the  honour  to  be,  refpe&fully, 
SIR, 


Edinburgh^  June  30,  x  798. 
•  To  Sir  fames  Half,  Bart. 


Tour  mod  obedient  fervant, 

JOHN  ROEBUCK. 


•  If  <^be  the  quantity  of  a  fluid,  iuuing  in  a  given  time  through  an  aperture  of  the  diameter  D,  V  its 
Telocity,  and  P  the  power  by  which  it  is  forced  through  the  aperture :  then  the  area  of  that  aperture  being 
at  D1,  the  quantity  of  the  fluid  ifluing  in  the  given  time  will  be  as  VDa,  or  VD*  =  Q. 

Again,  this  quantity  multiplied  into  its  velocity,  will  be  as  the  momentum  of  the  fluid  expelled,  or  as 

tike  power  by  which  i%  is  expelled,  that  is,  V*  D»  :=  P,  or  VD  =  yP. 

♦ 

Here,  therefore,  if  D  is  given,  V  is  as  yP,  as  Mr.  Roebuck  affirms.    Atfo,  becaufe  V  —  ~^,  and 

* 

4/P 
alio  V  r:  Z—-9  Q^z:  DvP,  fo  that,  while  P  remains  the  fame,  Qjvill  increafe  as  D  increafes,  and  V  will 

diminiflv  in  the  6me  ratio. 

The  problem,  therefore,  of  throwing  the  greateft  quantity  of  air  into  the  furnace,  with  a  given  power, 
ftri&ly  fpeakingp  has  no^ maximum y  but  the  largeft  aperture  of  which  the  engine  can  admit  mtift  be  the  beft. 
It  is  probable,  however,  that  there  is  a  certain  velocity  with  which  the  air  ought  to  enter  into  the  furnace  5 
this  will  produce  a  limitation  of  the  problem,  which,  as  Mr.  Roebuck  fuggefts,  is  not  likely  to  be  difcovered 
feilt  by  experiment.    J.  P. 

In 
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Air  Vault.— Hydraulic  Engine*  1  fy 

In  order  to  illuftrate  what  is  faid  above,  a  ground  plan  of  the  air  vault  and  furnaces  of 
the  Devon  Iron  Works  is  given  in  Plate  V. ;  of  which  the  explanation  follows  : 

Explanation  of  Tig.  i.  Plate  V.    . 
A  The  air  vault,  formed  by  a  mine  drove  in  the  folid  rock  of  coarfe  grained  free  ft  one. 

B  The  blowing  cylinder. 

C  The  pipe  that  conveys  the  air  from  the  blowing  cylinder  to  the. air  vault. 

D  The  eduction  pipe  that  carries'the  air  from  the  air  vault  to  the  iron  wind,  cheft. 

£  The  iron  wind  cheft,  (about  aj-  feet  cube),  in  which  is  inferted  a  wind-gauge,  re- 

prefented  in  fig.  3. 
F  F       The  two  blow-pipes  for  each  furnace,  which  terminate  in  apertures  of  3^  inches 

diameter  at  the  tweers  of  the  furnaces. 
G  G      The  two  blaft  furnaces,  placed  in  two  pits  funk  in  the  folid  rock. 
H  H      The  timps  of  the  furnaces  from  whence  the  caft-iron  is  run  off  into  the  calling 

room,  L  L. 
O  The  door  to  give  occafional  admittance  into  the  air  vault. 

M  The  excavation,  in  which  is  placed  the  blowing  machine. 

Explanation  ofYig.  2. 
A  The  end  of  the  wind-guage,  (about  12  inches  long),  which  is  open  to  the  at- 

mofphere,  being  half  filled  with  quickfilver. 
B  The  end  that  is  inferted  in  the  iron  wind  cheft,  and  expofed  to  the  prefiure  of  the 

condenfed  air  of  the  air  vault. 


IV. 

i 
Apparatus  for  making  tit  Hydraulic  Engine  at  Schemnitz  work  itf elf  without  Attendance.    By 

Mr.  John  Whitley  Boswell. 

To.  Mr.  NICHOLSON. 
SIR, 

May  7,   1800. 
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AVING  laft  fummer  met  with  a  dtfeription  of  an  engine,  fimilar  in  its  principles  to 
the  hydraulic  machine  of  Schemnitz,  (of  which  there  is  an  account  in  the  Number  of  your 
Journal  *,  in  which  you  did  me  the  honour  to  infert  my  communication  of  a  new  venti- 
lator) ;  I  was  induced  to  contrive'  a  method  for  making  it  work  itfelf,  as  well  from  the 
utility  of  fuch  an  invention,  as  from  its  being  obvious  at  firft  fight  that  it  was  very 
practicable. 

♦  Vol.  IV.  p.  iS. 
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•From  the  intereft  you  feem  to  take  in  the  above-mentioned  engine,  I  conclude  it  will 
not  be  unacceptable  to  you  to  have  a  description  of  this  method  of  faving  the  labour  at 
prefent  employed  in  working  it,  and  therefore  take  the  liberty  to  fend  you  a  drawing,  in 
which  all  the  veflels  are  fuppofed  to  be  open  at  one  fide,  that  the  difpofition  of  the  pipes 
within  may  be  more  clearly  feen. 

Simplicity  of  form,  and  facility. of  execution,  have  been  chiefly  aimed  at  in  this  con- 
ftrudTion ;  and  I  have  no  doubt  but  it  mud  perfectly  anfwer  the  intention,  or  I  would 
not  trouble  *you  with  it.  If,  however,  you  fhould  be  of  a  different  opinion,  it  will  give  me 
pleafure  to  be  fet  right  by  you. 

Description  :  Plate  VI. 

A.  The  refervoir,  or  upper  level  of  water. 

B.  A  chamber  made  of  fufficient  ftrength  to  bear  the  internal  preflure  of  a  column  of 

water  of  the  height  of  A  above  it,  multiplied  by  its  own  bafe. 

C.  A  chamber  of  the  fame  ftrength  as  B,  but  of  a  fmaller  fize ;  it  is  placed  at  the  bottom 

of  the  pit  from  which  the  water  is  to  be  raifed,  and  under  the  level  of  the  water. 
Thefe  chambers  would  be  ftronger  with  the  fame  materials,  if  of  a  globular  or  cylin- 
drical form  *,  but  the  fquare  fhape  is  ufed  in  the  drawing,  merely  for  the  facility  of 
reprefenting  the  pofition  of  the  parts. 

D.  A  pipe,  from  the  refervoir  A  which  pafles  through  the  top  of  B,  and  ends  near  its  bot- 

tom, to  convey  water  from  A  to  B. 

E.  A  pipe  from  the  top  of  B  to  the  top  of  C,  to  convey  air  from  B  to  C. 

F. "  .  A  pipe  from  the  bottom  of  C  to  the  level  of  the  ground  at  the  top  of  the  pit,  to  carry 

off  the  water  from  the  pit. 
G.     A  pipe  from  the  bottom  of  B  to  carry  off  the  water  from  it. 
H.     A  veflel  to  contain  the  water  ufed  in  working  the  cocks ;  it  is  only  placed  on  the  top    ~ 

of  B  to  fave  the  con  fir  u£l  ion  of  a  ftand  on  purpofe  for  it, 
I.      A  cock,  or  moveable  valve,  (worked  by  the  lever  there  reprefented,)  in  the  large 

pipe  D. 
K.     A  (top  cock  in  the  fmall  pipe  which  conveys  water  from  D  to  H.     Its  ufe  is  to  make 

the  engine  work  fader  or  flower,  by  letting  water  more  or  lefs  quick  into  H  ;  or  to 

ftop  it  altogether  from  working  when  required. 
L.     A  moveable  valve,  or  cock  in  the  fmall  pipe  L  K.     The  lever  which  works  it  is  con- 

ne£ted  by  a  ftrong  wire  with  the  lever  which  works  I,  and  is  balanced  by  a  weight 

at  its  oppofite  extremity,  fufficient  to  open  both  thofe  cocks  and  (hut  N,  when  not 

prevented  by  a  counter  weight. 
N.     A  cock  in  the  pipe  G  to  open  and  (hut  it  as  wanted. 
O.     A  felf  moving  valve  in  the  pipe  F,  which  permits  the  water  to  pafs  upwards,  but 

prevents  its  return. 
P.     A  felf-moving  valve  at  the  bottom  of  C}  which  permits  the  water  to  pafs  into  C,  but 

prevents  any  from  palling  out  of  it  s  it  is  furntfhed  with  a  grating  to  prevent  dirt 

getting  in. 

R.  A 
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R. '    A  veflel  fufpended  from  the  levers  of  I  and  L,  capable  of  containing  a  weight  of  w^ter 

fuffictent  to  (hut  them. 
S.     A  veflel  fufpended  from  tie  lever  of  N,  it  mud  contain  water  enough  by  its  weight  to 

open  N  :  it  is  conne&ed  by  a  chain  to  R,  to  keep  it  down  as  long  as  N  is  opeti. 
T.    A  fyphon  pafling  from  the  bottom  of  H,  near  its  upper  edge,  and  down  again  to  the 

mouth  of  R. 
V.     A  felf  moving  valve,  of  a  fufficient  levity  to  rife,  when  the  water  in  B  comes  up  to 

it,  and  clofe  the  pipe  E ;  into  which  no  water  would  elfe  pafs  from.B.'    A  ball-cock, 

fuch  as  ufed  in  common  water  ci (terns,  would  alfo  do  here. 
X.     A  fyphon  from  the  bottom  of  R  rifing  within  an  inch  of  its  top,  and  pafling  down 

again  to  the  mouth  of  S. 
Y.     A  (mall  pipe  at  the  bottom  of  S  ;  this  may  have  a  ftop-cock  to  regulate  it,  which 

when  flopped  will  alfo  (top  the  engine. 

Explanation 
The  mode  of  this  engine's  working  is  as  follows :  fuppofe  the  veflels  V  H  R  and  S 
empty  of  water,  and  the  cocks  K  and  Y  open,  and  the  veflel  C  full  of  water.  The  weight 
on  the  lever  of  L  will  then  open  the  cocks  L  and  I,  on  which  the  water  from  A  will  flow 
into  B  and  H.  As  the  water  rifes  in  B  it  will  force  the  air  through  E  into  C,  which 
ftrongly  prefling  on  the  water  in  C  will  force  it  up  through  the  pipe  F,  till  the  water  in  B 
rifes  to  the  level  of  V  and  clofes  it,  at  which  time  H  will  be  full  of  water,  (the  quantity 
flowing  in  being  fo  regulated  by  the  cock  K)  and  the  water  will  flow  from  it  through  the 
fyphon  T  into  the  veflel  R,  which  as  it  fills  {huts  the  cocks  I  and  L,  and  prevents  any 
more  water  coming  into  B  and  H.  When  R  is  full,  the  water  flows  through  its  fyphon  X, 
which  fills  S,  and  by  it  opens  N,  which  empties  B  of  water,  and  keeps  N  open  as  long  as 
there  is  any  water  in  H. 

When  H  is  empty,  B  will  be  fo  too  (being  fo  regulated  by  the  cock  K)  on  which  in  a 
moment  or  two  R  and  S  will  alfo  be  empty ;  which  will  caufe  the  cocks  I  and  L  to  open, 
and  all  things  be  again  in  the  date  firft  fuppofed,  for  a  repetition  of  the  operations 
defcribed. 

To  flop  the  engine  the  cocks  at  K  and  Y  fhould  be  (hut,  while  S  is  full  of  water.  To 
fet  it  working  they  (hould  be  opened,  and  this  is  all  the  attendance  it  will  require.  As 
no  one  but  an  engineer  (hould  attempt  to  conftruft  fuch  an  engine  as  this,  it  was  ufelefs  to 
reprefent  the  manner  of  conne&ing  the  pipes  by  flaches,  or  otherwife,  or  the  proper  me* 
thods  of  fattening  and  clofing  all  parts,  which  are  all  well  known  to  fuch  as  have  made 
this  art  their  itudy.  If  this  method  of  effetting  the  purpofe  (hall  be  eftcemed  worthy  of 
being  adopted  by  any  of  them,  it  will  give  me  great  pleafure  to  have  contributed  to  the 
improvement  of  an  engine  fo  ufeful,  where  it  can  be  adopted. 

Your  very  humble  Servant, 

JOHN  WHITLEY  BOSWELL. 

P.  S. 
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P.  S.  I  beg  leave  to  requeft  that  an  error  of  the  prcfs  in  the  paper  on  Ventilators,  may 
be  corre&ed,  page  7,  line  16  and  17,  for  "and  this  way  of  ufing  it  might  be  made" 
read  "  2nd  for  this  way  of  ufing  it,  it  might  be  made*" 

I  alfo  will  thank  you  to  notice,  that  my  ventilator  was  conftru&ed  in  March  1 798,  be- 
fore Venturis  book  came  to  England,  which  I  underftand  was  in  November  1798.  Mr. 
Bonnycaftle,  of  Woolwich,  to  whom  I  (hewed  it,  and  its  mode  of  a&ion  at  that  time,  can 
no  doubt  recoiled  this  circumftance. 

J.  W.  B. 


V. 

On  the  Cliemical  A3  ion  of  the  different  Metals  upon  each  other  at  the  common  Temperature  of 
the  Atmofphcrcy   and  upon  the  Explanation  of  certain  Galvanic  Phenomena.      By  M. 

• 

Fabbroxi*.  • 

JL  HE  phenomenon  fpoken  of  by  Sultzer,  in  his  Theorie  des  PtajfirS)  publifhed  in  1767, 
has  been  clafled  among  galvanic  phenomena,  that  is  to  fay,  the  myfterious  fenfation  which 
is  cnanifefted  on  the  tongue  by  the  contact  of  two  metals  in  mutual  conta£t,  which  would 
have  excited  none  if  they  had  been  feparately  applied  to  that  organ.  In  fa£t,  I  have  been 
perfuaded,  that  this  very  principle  which  produces  an  unexpected  tafte  in  this  cafe,  may 
alfo  produce  a  convulfive  contraction  in  the  animal  fibre,  when  it  comes  to  touch  the  irri- 
table  and  fenfible  parts  uncovered  at  the  fame  time.  But  fo  far  from  attributing  thefe 
etieds  with  all  the  world  to  an  agent  a] mod  unknown,  fuch  as  the  ele&ric  fire,  I  imme- 
diately fuppofed  them  to  depend  upon  a  mere  chemical  operation,  in  the  fame  manner  as 
probably  the  fenfe  of  tafte  itfelf  is  produced,  which  renders  the  mechanifm  much  more 
intelligible.  I  made  reflections,  and  inftituted  experiments  on  this  curious  fubjelt,  of 
which  I  gave  an  account  to  the  Academy  of  Florence  in  1792.  The  volume  has  not  yet 
been  printed ;  but  I  think  the  fubjeft  is  fpoken  of  by  Brugnatelli  in  his  Journal.  I  have 
neither  his  abridgment,  nor  my  own  memoir  at  hand ;  I  (hall  therefore  repeat  in  this  place 
nothing  but  what  remains  clearly  in  my  rccolle&ion. 

•I  had  before  obferved  on  many  occafions,  that  running  mercury  retains  its  metallic 
fplcndor  a  long  time  while  alone  and  uncombined ;  but  that  its  amalgam  with  any  other 
metal  whatever  is  foon  tarnifhed  or  oxided,  and  increafes  in  weight  in  proportion  to  that 
progreffive  change. 

I  have  kept,  for  many  years,  fine  tin  without  any  alteration  in  its  argentine  appearanee, 
but  this  was  not.  the  cafe  with  regard  to  the  different  alloys  I  had  made  with  the  fame 
metal  for  economical  fpcculations. 


*  Translated  from  the  Journal  de  Phyfique  VI.  new  Series,  p.  348. 
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I  had  icen  in  the  mufcum  at  Cortoria,  Etrufcan  inferiptions  engraved  upon  pure  lead, 
which  are  dill  in  perfeft  preservation,  though  of  the  mod  remote  antiquity;  and  on  the 
contrary,  I  had  found  with  furprize  in  the  gallery  of  Florence,  medals  of  Jeafd  of  the  dif- 
ferent pontiffs,  in  which  tin,  and  perhaps  arfenic  had  been  mixed,  to  render  them  more 
Jxautiful  and  folid,  were  intirely  reduced  to  a  white  powder,  or  changed  intcroxide,  noU 
withftanding  they  had  been  wrapped  in  paper,  and  kept  in  drawers. 

I  had  likewife  obfenred,  that  the  alloy  made  ufe  of  in  foldering  the  plates  of  copper 
which  cover  the  moveable  roof  of  the  Obfervatory  at  Florence,  .was  fpeedily  changed,  and 
converted  manifeftly  into  a  white  oxide  at  its  extreme  conta&  with  that  metal. 

Laftly,  I  had  learned  in  England,  that  the  iron  nails  formerly  ufed  in  attaching  the  cop* 
per  to  the  bottoms  of  (hips,  corroded  this  laft  metal  fo  much  by  their  contaft,  that  the 
holes  foon  became  dilated,  fo  as  to  exceed  the  fize  of  the  head  of  the  nail  itfelf. 

* 

Thefe  fa&s  appeared  to  me  to  be  amply  fufficient  to  (hew,  that  the  metals  exercife  a 
mutual  aftion  in  this  cafe,  and  that  the  caufe  of  the  phenomena  produced  by  their  union, 
or  contaft,  was  to  be  attributed  to  this  a&ion. 

It  is  known,  that  the  metals  are  in  general  fufceptible  of  combining  together  by  mutual 
folutioti.  We  may  therefore  form  a  notion,  that  their  tendency  to  mutual  combination 
begins  as  foon  as  the  particles  are  brought  into  conta&.  It  is  only  by  virtue  of  the  im- 
menfe  fuperiority  of  their  force  of  cohefion,  that  they  are  prevented  from  mutual  penetra- 
tion and  folution  in  the  cold.  Fire  is  neceflary  to  difunite  and  give  mobility  to  their  par- 
ticles. We  fee  this  happen  in  amalgams  which  are  formed  without  heat ;  and  it  is  known, 
that  in  the  manufacture  of  tinned  plates,  the  tin  penetrates  the  iron  without  this  laft  metal 
being  liquified.  It  is,  probably,  the  fame  force  of  cohefion  which  fometimes  prevents  the 
oxidable  metals  from  attra&ing  oxigen  with  fpeed.  If  a  rapid  movement  tends  to  difag* 
gregate  the  particles  of  mercury  in  the  midft  of  water,  nothing  more  is  required  to  enable 
it  to  affume  the  principle  of  oxidation  in  a  very  fhort  time,  by  attra&ing  it  from  the  fluid. 
Thefe  fails,  as  well  as  many  others  of  the  fame  nature,  no  lefs  common  than  well  known* 
ought  to  have  proved  to  philofophers,  that  the  metals  by  exercifing  their  mutual  attractive 
force,  mull  by  the  fame  energy  diminifh  their  refpe&ive  powers  of  aggregation \  tfc*]t 
though  neither  of  them  Separately  may  be  able  feparately  to  attraft  oxigen  from  the  at- 
mofphere,  or  from  water,  they  may  acquire  that  power  by  fimple  mechanical  touch,  as 
they  pafs  to  new  combinations.  We  might  therefore  fufpe£t,  that  fome,  at  lead,  of  the 
efiefts  produced  on  the  bodies  of  animals,  by  the  application  of  metallic  coatings  to  the 
nerves  and  the  mufcles,  may  be  attributed  to  a  chemical  operation ;  to  the  tranfiuon  of 
oxigen  into  a  combination ;  to  the  formation  of  a  new  compound ;  or  to  the  developement 
of  a  foluble  or  fapid  tafte,  which  is  fo  perceptibly  manifefted  on  the  organ  of  that  fenfatioq. 

Galvani,  Aldini,  Volta,  and  other  philofophers  equally  flcilful,  who  have  fo  fuccefsfully 
directed  their  attention  to  this  kind  of  refearch,  not  reflcfting  that  the  chemical  a&on 
exerts  itfelf  with  the  fwiftnefs  of  lightning,  and,  furpiized  at  the  fuddennefs  with  vqhich 
the  two  different  metals  exert  their  eficfts  en  the  animal  fibre,  were  of  opinion,  that  it 
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tbufd  only  be  ittrlbtited  to  the  elc'ftric  fluid.  The  tranfmiffion  of  gaTvanifm  fo  a  drftaflce,  % 
and  by  a  circuit,  favored  their  notion,  which  was  generally  V-eccived,  notwithftanding  thre 
%try'ftrorig  objeftiotis  Which  might,  in  fdme  cafes  kt  Ica'ft,  be  opr)dTed  to  their  fyftem.  In 
iFaft,  fbme  figrls  of  eleftricity  have  been  obferved  on  the  feparationof  two  metals,  which 
had  been  before  placed  in  contact ;  but  it  is  Very  well  known,  that  even  feveral  chemical 
operations  are  con  ft antly  attended  with  a  change  of  equilibrium  in  the  eleftric  fluid,  pnd 
confequently  by  perceptible  marks  of  eleftrjcity.  Thus  it  is  that  flames  of  lightning  are 
feen  in  the  great  volcanic  fafibns  or  eruptions  ;  and  this  alfo  is  one  of  the  c?fes  in  which 
philofophers  have  taken  that  for  the  caufe  of  thefe  fires,  which  is  merely  one  of  their 
%  eficfts.  The  figns  of  electricity  may  be  produced  by  melting  a  fmall  quantity  of  fulphur, 
t  br  of  chocolate,  or  even  by  boiling  or  evaporating  water;  but  afluredly  thefe  are  fufions, 
and  are  not  caufed  by  the  eleftricity.  I  do  not  pretend  to  exclude  all  eleftrical  influence 
from  the  prodigious  effefts  of  galvdnifm.  I  propofe  merely  to  prove,  that  this  principle  is 
tidt  concerned  iri  the  phenomena  of  Sultzer,  and  that  various  other  fimilar  fads  are  de- 
rived from  the  fame  fource. 

The  metals  having  a  mutual  affinity,  their  particles  mult  mutually  attraft  each  other 
When  they  are  brought  into  contaft.    We  cannot  eftimate  the  magnitude  of  this  force  ; 
But  t  think  it  is  fufficieilt  to  weaken  the  forde  of  their  aggregation,  fo  as  to  difpofe  them 
Yo' engage  in  new  combinations,  and  to  yield  more  readily  to  the  aftioh  of  the  weakeft- 
IWvetits.   *" 

'  1  had  obferved  in  repeating  the  experiment  of  Sultier,  that  If  I  wiped  my  tongue  as 
Accurately  as  poflibte,  the  fenfation  excited  by  the  approach  of  the  two  metalsr  in  contaft 
Was  diminifhed,  fo  as  to  be  hardly  diftirigaimed.  Thefaliva,  or  fome  other  moifture, 
inuft  therefore  be  of  fome  importance  in  this  phenbmenon.  But  to  ascertain  the  truth  of 
lay  fuppofition,  I  placed  in  different  goblets  filled  with  water, 

'  I.  Separate  pieces  of  metal ;  for  example,  in  the  one  gold ;  m  another  filver •,  in  a  third 
toJ>per ;  and  in  others  tin,  lead,  &C. 

2.  In  other  fimilar  gobhrts  I  put  the  fame  metals  as  before,  bat  two  "pieces  in  each 
Jg6blct,  one  of  which  metals  was  more,  arid  the  other  lefs  oxidable.  They  were  feparated 
iSrfcm  contaft  by  *  fmall  flip  of  glafs. 

3.  Laftly,  I  placed  in  other  goblets  metals  of  different  kinds,  but  two  in  each,  and  in 
immediate  contrfft.  The  two  firft  fetts  exhibited  no  perceptible  change,  but  in  the  raft 
'the  mbft  oxidable  metal  was  vifibly  loaded  with  oxide,  a  few  moments  after  having  been  in 
contaft  with  a  different  metal.  This  oxide  gradually  increafed,  fo  as  to  hang  beyond .  the 
lower  metal,  uniting  with  it  in  a  mats,  and  flowing  in  a  cafcade  along  the  whole  of  the 
tides.  This  phenomenon  commences,  though  inferifibly,  at  the  very  inftant  of  contaft  ; 
\ut  I  left  the  metals  bf  this  experiment  for  a  confiderable  time,  to  fee  what  would  happen, 
^examined  them  at  the  end  of  a  month,  and  found  'that  the  two  metals  had  con  t  rafted  fo. 
'torirTdcrable  an  adhefiori,  ;that  in  order  to  detach  a  piece  of  brafs  about  two  centimeters 
Wad  torn  Opiate  of  tin >  a  fbrtfc  of  ito  tefe  than  two;  kilogrammes  was  neceffary. 

I  afterwards 
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•  1  afterwards  obfcvved,  that  feveral  metals  were  not  only  charged  with  oxide,  but  that 
ftnaU  (aline  cryftalsirf  different  figures  weje  fpnqed.  It  appeared  therefore  to  pic,  $b*taa 
evident  chemical  aQion  had  taken  place,  ami  that  it  was  unpecefiary  tQ  feek  farther  for  the 
nature  pf  the  new  ftimnlus,  which  in  the  experiment  of  Sultzer  ha*  been  called  galyaniftn. 
It  was  raanifeftly  a  combuilion  or  oxidation  of  the  metal ;  the  ftimulating  principle  might 
therefore  be  either  the  caloric,  which  is  difengaged,  or  the  oxigen,  which  pafles  to  new 
combinations;  or  laftly,  the  new  metallic  fait:  but  which  of  thefip  it  may  be  I  bay?  not 
well  ascertained.  I  have  in  fome  inftances  coloured  the  water,  in  which  I  placed  the  metals 
with  tournfol;  but  I  have  remarked  no  other  effeft,  than  a  precipitation  of  that  colouring 
fecula,  without  any  changc'of  its  cplour.  I  have  remarked,  that  the  water  in  which  this 
experiment  is  made,  contracts  a  flight  metallic,  or  as  I  may  fay,  arfenical  tafte**  which 
lads  for  fome  time,  and  produces  a  difpofition  to  fpit*  but  it  does  not  appear  to  contain 
enough  of  metal  to  be  detected  by  the  mod  feftfible  .chemical  re-agents.  I  have  therefore 
thought  it  proper  to  limit  my  conclusions  refpe&ing  this  phenomenon,  that  it  is  merely  % 
flow  combuilion  of  the  metal,  which  mud  be  accompanied  with  an  attra&ion  of  oxtgCQt 
and  a  developement  of  light  and  caloric,  ft  is  well  known  that  when  a  metal,  fuch  for 
example  as  gold,  is  amalgamated  with  mercury,  there  is  an  immediate  expulfiop  of  caloric, 
not  perhaps  in  confequence  of  the  folid  ftate  of  the  ipercury,  but  becapfe  the  diraintnioh 
of  the  force  of  aggregation  in  the  particles  of  the  latter  metal  facilitates  , its  cpmbuftioa. 
The  progreffive  augmentation  of  weight  which  is  obfervable  ip  amalgams,  strifes  only  from 
the  oxigen  which  they  attraft  from  the  atmofphere.  I  attempted  in  vain  to  meafpre  the 
quantity  of  caloric,  which  is  developed  by  the  cpnta&  of  two  folid  metals,  whatever  may 
be  their  weight.  This  quantity  is  top  fmall  and  too  diffufed,  as  it  were,  over  a  large  fur* 
face,  to  be  afcertained  by  inftrument*  of  fo  little  delicacy  as  thofe  we  poffefe.  Neve&» 
thelefs,  the  light  which  flows  from  this  metallic  combuflion,  may  be  feen  if  the  eye  forms 
part  of  the  apparatus.  For  example,  it  is  only  requisite  to  hpld  a  piece  of  filver  in  the 
mouth,  and  apply  a  fmall  piece  of  tin  upon  the  ball  of  the  eye ;  as  foon  as  thpfe  two  metal* 
are  made  to  communicate  dirc&ly,  or  even  by  means  of  a  third  metal,  a  faint,  but  very 
diftinft  light  is  perceived,  which  is  not  an  eleftric  fpark,  nor  a  convulflve  irritation.  Fcqr 
though  this  light  appears  to  aflfeft  the  organ  at  the  firft  inftant  only,  becaufe  the  eye  foon 
beconies  accuftomed  to  this  weak  fenfation,  we  may  be  aflured,  that  the  emanation  of  light 
is  continual  in  this  cafe,  by  Aiding  alternately  the  tranfparent  and  the  opaque  cornea  againft 
the  metal,  when  it  will  be  feen  that  the  light  is  ftronger  whenever  the  metal  is.  touched  by 
the  more  tranfparent  part  of  the  organ.  And  again,  if  this  experiment  be  made  as-  it 
ought  in  the  dark,  nothing  more  will  be  neceflary,  than  to  attend  at  the  time  when,  the 
communications  between  the  two  metals  is  interrupted,  and  the  obfeurity  will  be  more  deep 
and  pcrfeft,  which  is  a  proof  of  the  conftant  prefenc*  pf  fome  light  before  that,  interrupt 
tion.  I  do  not  fpeak  of  that  kind  of  flaih  which  fome  perfons  affirm  they  have  feen,  by 
applying  the  twcrmetals  (imply  to  the  tongue  and  the  gums,  without  the  eye  forming  past 
#f  the  circuit,    I  have  not  been  able  to  verify  this  faOt  on  myfelf,  and  have  remarked,  that 
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fevcral  individuals  have  affirmed,  that  they  faw  what  others  could  not  perceive,  and  Ait 
the  a&ion  in  all  was  a  convulfive  fenfation,  or  delufive  appearance,  like  the  light  which  is 
feen  when  the  eye  is  preflcd  with  the  finger,  or  when  a  blow  is  given  in  the  vicinity  of 
that  organ.  It  appears,  therefore,  that  the  fenfation  of  tafte,  and  the  emanation  of  light, 
are  in  this  cafe  the  results  of  a  chemical  operation.  But  thofe  who  have  been  defirous  of 
attributing  the  whole  to  eleftricity,  have  not  been  in  want  of  plaufible  obfervations  to  juf- 
tify  their  hypotheGs.  It  has  been  remarked,  for  example,  that  the  fenfation  here  defcribed, 
is  felt  even  when  the  communication  is  made  by  a  chain,  or  a  long  metallic  condu&or. 
But  it  is  known,  that  ele&ricity  is  propagated  by  this  means  to  an  indefinite  diftance; 
and  I  have  obferved,  that  fix  or  feven  metres  are  the  extreme  limit  to  which  the  mani- 
feftation  of  the  metallic  a&ion  on  the  tongue  or  the  eye  can  be  extended.  It  is  certainly 
at  the  precife  point  of  contaft  of  the  two  metals,  that  their  mutual  a£tion  is  the  ftrongeft, 
and  it  is  natural  to  think,  that  the  particles  which  are  the  mod  afic&ed,  muft  communicate 
from  the  one  to  the  other  in  their  vicinity,  to  a  certain  point,  the  difpofing  force  which  they 
have  received,  It  muft  propagate  itfelf  with  diminifhed  force,  like  the  circles  imprefled  in 
ftagnant  water  by  the  fall  of  a  body ;  and  the  limit  of  its  a£Uon  is  nearly  that  which  I  have 
pointed  out. 

By  varying  my  experiments  in  feveral  manners,  I  obferved,  that  if  I  covered  the  water 
in  which  the  two  metals  in  contaft  were  placed,  with  a  thin  coat  of  oil,  the  oxidation  was 
very  flight,  and  (lopped  at  a  certain  point.  But  this  afluredly  did  not  fo  happen,  becaufe 
the  intervention  of  a  non-condu£Hng  fluid  had  oppofcd  the  completion  of  an  ele&ric  phe* 
nomenon,  as  it  may  appear  at  firft  fight ;  for  I  attempted  to  keep  up  the  communication 
of  the  water  and  the  metals  with  the  common  flock,  by  plunging  a  metallic  condu&or  be- 
neath the  oil,  and  the  combuftion  was  not  continued  more  than  before.  The  fame  inter* 
ruption  or  limitation  obtains,  if  the  free  contact  of  the  atmofphere  be  excluded,  by  means 
of  a  fmall  bell  glafs  reverfed  over  mercury,  which  does  not  oppofe  the  pafiage  of  ele&ri- 
city.  Betides  which,  the  Galvanifts  believe,  that  their  phenomena  do  not  depend  on  uni- 
versal ele&ricity,  but  on  the  fpecific  ele&ricity,  as  it  is  called,  of  the  different  metals.  If 
this  were  the  cafe,  it  would  be  difficult  to  conceal,  why  the  erTeft  fhould  not  be  produced 
at  the  very  inftant  of  conta&,  in  the  fame  manner  as  it  happens  when  two  charged  bottles 
of  oppofite  ele&ricities  are  brought  into  conta&.  And  again,  nothing  would  prevent 
the  continuation  of  the  phenomenon  when  the  two  metals  came  into  contact,  whatever 
plight  be  the  circumftances.  I  am  well  aware,  however,  that  if  it  may  here  perhaps  be 
otye&ed  to  me,  that  if  the  two  metals  acquire  the  faculty  of  decomposing  water  by  their 
fimple  coqtaft,  and  the  mere  difpofition  of  their  attraction,  or  mutual  affinity,  a  flight 
coat  of  oil,  or  inverted  glafs,  ought  not  to  oppofe  the  continuation  of  their  complete 
oxidation,  while  they  continue  furrounded  by  that  element.  I  have  remarked,  that  the 
free  contaft  of  the  atmofphere  is  neceflary  to  this  phenomenon;  becaufe  it  is  neceflary 
that  the  water  fhould  contain  that  portion  of  oxigen  gas,  which  it  always  holds  after  having 
remained  for  a  certain  time  in  cotttaft  with  the  airs    It  is  neceflary  in  my  apprehenfion, 
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that  the  hydrogen  of  the  water  (bould  be  in  a  flare  of  quartation,  or  overcharged  with 
oxigen,  in  the  Tame  manner  as  gold  with  Giver,  in  order  that  the  folution  or  parting  may 
take  place.  The  contact  of  the  atmofphere  is  therefore  neceflary  to  the  water  in  the  goblet, 
in  order  that  it  may  re-afiume  the  neceflary  (late  of  quartation,  by  abforbing  oxigen  gas 
from  the  atmofphere,  in  proportion  as  the  oxidation  of  the  metal  feizes  the  radical  of 
that  principle. 

If  the  experiment  be  made  in  a  calm  air,  a  kind  of  pellicle  may  be  obferved  at  the  fur* 
face  of  the  water,  immediately  over,  and  of  the  fame  figure  and  fize  as  the  metal,  beneath 
which  ftreams  even  indicate  the  points  of  the  furface  and  columns  of  the  water,  through 
which  the  atmofpheric  oxigen  has  been  tranfmitted.  This  re-abforption  is  fo  true,  that  if 
in  fome  cafes  a  metallic  oxide,  well  charged  with  oxigen,  be  fubftituted  inilead  of  the  con- 
ta£l  of  the  atmofphere,  the  combuftion  of  the  metal  under  experiment  is  efie&ed  with 
facility.  It  is  known  that  iron  decompbfes  water  without  addition,  though  very  (lowly ; 
but  if  the  red  oxide  of  lead  be  added  at  the  bottom  of  the  water,  the  iron  becomes  changed 
into  the  black  oxide  without  decompofition  of  the  water* 

I  have  obtained,  though  after  a  very  long  time,  the  oxidation  of  tin  in  water  in  contact 
with  filver,  in  a  bottle  of  flint  glafs  filled  with  water,  and  almoft  hermetically  clofed.  But 
I  have  remarked,  that  the  lead  which  enters  into  this  kind  of  glafs,  yielded  its  oxigen  to 
the  tin,  and  became  changed  into  a  black  opaque  oxide,  in  the  fame  manner  as  happens 
when  a  bottle  of  flint  glafs,  filled  with  hydrogen  gas,  is  made  red  hot  in  the  midft  of 
charcoal.  The  hydrogen  is  burned,  and  feizes  the  oxigen  of  the  lead,  which  it  revives, 
as  the  tin  operated  in  the  cafe  before-mentioned. 

.  It  appears  evident,  therefore,  that  the  experiment  of  Sultzer  is  nothing  more  than  a 
combuftion  or  chemical  operation,  as  is  proved  not  only  by  its  refult,  but  its  duration.  For 
ele&ricity  aAs  always  inftantaneoufly,  whereas  the  effe&s  of  the  chemical  affinities*  con- 
tinue as  long  as  the  re- agents  are  not  faturated.  I  left  for  a  very  long  time  in  water,  pieces 
of  filver  wrapped  in  feveral  folds  of  tin  foil.  I  took  out  fome  of  them  at  different  periods, 
and  found  the  progrefs  of  the  combuftion  exa£Uy  proportional  to  the  time.  In  thofc  which 
I  took  out  the  laft  the  tin  was  corroded,  and  pierced  through  all  its  folds,  as  if  it  had  been 
plunged  in  an  acid.  But  if  other  proofs  be  required,  to  (hew  that  ele&ricity  has  no  part 
in  the  phenomenon  in  queftion,  we  might  vary  the  experiments,  fo  as  not  to  hinder  the 
cffe&s  of  the  ele&ric  fluid,  and  evidently  to  prove  by  the  eyes,  that  the  combuftion  which 
happens  depends  on  the  difpofition  of  the  metals,  and  their  chemical  affinity. 

For  example,  if  a  piece  of  tin  of  confiderable  thicknefs  be  placed  on  the  eye,  and 
touched  at  its  oppoGte  furface  with  a  bar  of  filver,  there  is  no  decompofition  of  water,  nor 
combuftion,  nor  light,  and  yet  the  contatt  of  the  two  metals  ought  to  produce  thefe  fen* 
fible  effe&s,  if  they  depended  on  the  communication  of  their  electricity.     2.  If  a  piece  of 
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tin  be  held  upon  the  eye,  and  another  piece  in  the  mouth,  and  a  communication  be  made 
between  them  by  a  bar  of  filver,  there  is  no  more  appearance  of  light  than  in  the  former 
experiment.    3.  If  a  piece  of  gold  be  applied  on  the  eye,  one  of  filver  on  the  tongue,  and 
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a  c^mmunicaVion  b£  made  with  an  iron  key,  there  is  no  more  appearance  of  Ugbt  than  in 
the  former  inftanccs.  4.  Neither  does  this  effed  take  place  if  the.  iron  be  applied  to  tbc 
eye,  and  the  tin  to  the  tongue,  with  a  communication  between  them*  5.  Qold  and  filver 
feparately  applied  to  thefe  two  organs,  give  hardly  any  fenfation'  by  their  contact.  6.  The 
fame  event  takes  place  if  two  pieces  of  filver  be  ufed,  and  the  communication  be  made  by 
iron.  7.  And  like  wife  if  copper  be  placed  on  the  eye,  tin  on  the  tongue,  and  a  commu- 
nication be  made  by  iron.  8.  Neither  is  the  fenfation  rnore  evident  if  the  filver  be  placed 
on  the  eye,  the  gold  on  th<?  tongue,  and  copper  be  the  medium  of  communication.  9.  On 
the  contrary9  a  confiderable  light  is  feen  if  the  iron  touches  the  eye,  the  filver  the  tongue, 
and  the  copper  forms  the  communication.  10.  Or  if  gold  be  fubflituted  inftead  of  filver. 
II.  Or  if  the  communication  between  the  iron  on  the  eye,  and  the  gold  on  the  tongue,  be 
made  by  means  of  a  filver  fpatula.  12.  Or  if  the  iron  on  the  eye,  and  the  filver  on  the 
tongue,  communicate  dire&ly.  13.  Or  if  the  order  of  thefe  two  metals  be  Tcverfed.  14. 
Or  if  gold  be  ufed  inftead  of  filver.  15.  And  laftly,  the  fame  light  of  the  combuftion  may 
be  feen,  if  inftead  of  placing  one  of  the  metals  on  the  tongue,  both  be  placed  on  the  eyes. 

By  thefe  experiments,  which  are  all  that  I  recolle&  at  prefent,  and  may  very  eafily  be 
repeated  and  varied  in  different  manners,  we  fee  that  it  is  not  electricity  which  produces 
the  refults.  For  it  is  well  known,  that  the  ele&ric  fluid  thoroughly  and  inftantaneouQy 
penetrates  all  the  metals  which  mod  eminently  conduit  it,  whatever  may  be  their  fituation 
or  relative  pofitions.  ». 

But  if  it  be  true  that  the  water  affords  the  oxigen  to  the  metal  in  thefe  cafes,  it  may  be 
demanded,  what  has  become  of  its  hydrogen.  It  muft  be  immediately  obferved,  that  on 
account  of  the  contacl  of  the  atmofphere  affording  oxigen  gas  in  proportion  as  the  metal 
confumes  it,  very  little  of  the  water  muft  be  decompofed. 

I  have  remarked,  that  I  left  the  different  metals  for  a  long  time  in  contact  together,  at 

the  end  of  which  I  examined  them,  and  I  not  only  found  them  to  be  abundantly  oxided, 

but  I  alfo  found  regular  aluminiform  faline  cryftals,  adhering  particularly  to  the  pieces  of 

*  filver,  and  falts  of  a  very  determined  figure,  confiding  of  two  tetrehedral  pyramids  attach* 

ed  at  their  bafe,  which  appeared  to  me  to  be  hydrogenated  tin.    % 

,  It  is  already  known  that  hydrogen  difiblves  feveral  metals;  for  in  hydrogen  itfelf  are 
found  iron,  zinc,  arfenic,  &c.  It  is  known,  that  the  amalgam  of  zinc  and  mercury  con- 
tains hydrogen,  which  may  be  driven  off  by  heat. 

I  muft  add,  that  fometimes  inftead  of  placing  my  apparatus  of  tin  and  filver  in  water, 
I  have  left  it  a  long  time  in  alcohol,  and  found  parallellipipedic  cryftals  upon  the 
filver,  which  were  very  tranfparent,  and  appeared  to  contain  copper  by  their  light  greentfh 
colour.  This  copper  probably  came  from  the  filver;  for  in  general  I  gave  the  preference 
to  crown  pieces,  becaufe  I  obferve,  that  the  irregularities  on  their  furface  occafioned  by  the 
impreifion,  was  greatly  favorable  to  the  formation  of  cryftals  which  lodged  in  thefe  cavities, 
and  round  their  edges.  I  attempted  to  place  the  fame  metals  in  ammoniac  inclofed  in  a 
cryftal  bottle,  but  without  any  remarkable  effeft ;  probably  becaufe  the  combination  of  thg 
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hydrogen  h  too  ftrotig,  *nd  the  oxigen  of  the  atmofphere  ixrold  not  unite  with  it  ia  the 
decotwpofttiort  of  the  foetal.  The  tmaumi&c  merely  took  *  flight  biueifli  colour,  which 
(hews  th*t  it  hid  drffolved  a  portion'  of  copper  from  the  fiiver  piece. 

Wc  fee  very  clearly,  from  the  refults  which  I  have  obtained  from  die  Gmple  contact  of 
the  two  mfrtate,  namely,  the  oxfdeand  the  faKne  cryftale,  that  the  fenfations  experienced 
on  the  tongue,  and  on  the  eye,  ate  the  coofequence  of  a  chemical  operation :  and  it  there* 
fore  appears  to  me,  that  it  is  io  thefe  new  compounds,  or  their  elements,  thfct  we  are  to 
attribute  that  myfterious  ftimulus,  which  produces  con vulfive  motions  of  the  animal  fibrt 
in  a  great  paTt,  at  leaft,  of  the  phenomena  of  galvanifm. 
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JL  HE  fabrication  of  edge  tools  is  one  of  the  fir  (I  arts  among*menin  every  ftate  of  fociety. 
Artisans  are  well  awate  of  the  neceffity,  that  the  inftruments  of  their  rcfpc&ke  trades 
Ihould  be  made  to  pofiefs  the  qualities  adapted  to  the  operations  by  which  they  gain  their 
fttbfiftence;  and  among  the  various  fiib-divifions  of  labour,  there  is  perhaps  no  materia]) 
upon  which  the  (kill  and  judgement  of  practical  men  are  more  rriultifarioufly  exercifed  than 
fteel.  The  makers  of  files,  of  chifiels,  of  planes,  faws,  and  the  infinite  variety  of  knives, 
all  occupy  their  feveral  departments  feparate  from  each  other,  and  pofiefs  their  refpe&ive 
degrees  of  celebrity  among  workmen,  vhich  are  grounded  on  their  knowledge  of  the 
peculiar  kinds  of  fteel,  as.  well  as  the  methods  of  working  them,  which  are  beft  (uited 
to  the  intended  operations.  Many  of  thefe  methods  ate  kept  fecret ;  but  in  general  the 
philosophical  enquirerwill  find  the  communications  of  operative  men,,  to  the  full,  as  liberal 
and  open  as  the  circumftances  of  the  cafe  may  feem  to  warrant.  Many  manufacturers  have 
ho  referve  with  regard  to  the  manipulations  of  their  art,  and  have  the  fpiritf  to  affert,  their 
claims  to  public  encouragement,  upon  the  open  ground  of  the  addtefs  and  integrity  with 
which  they  conduct  their  profefiional  labours* 

Among  the  inftances  of  this  kind  which  have  occurred  to  me  during  a  life  of  diligent 
enquiry,  I  have  lately  been  much  gratified  by  the  ready  affiftance  and  communications  6£ 
Mr.  Stodart  of  the  Strand,  which  enable  me  at  prefent  to  communicate  my  own  notions 
on  the  fubjecT:  of  fine  cutlery,  with  the  advantage  and  (bpport  of  his  fucceftful  experience  'r 
which  I  (hall  proceed  to  do  without  farther  preface. 

It  appears  to  be  at  prefent  generally  agreed,,  that  for  all  works  which  do  not  require 

welding,  caft  fteel  is  preferable  to  any  other.     For  fine 'cutlery  it  undoubtedly  is.    Mr.. 

Stodart  ufes  thofe  bars  which  are  marked  Huntfman,  but  does  not  fuppofe  it  to  be  of  a 

better  quality  than,  that  of  Walker,  and  other  manufacturers.    He  complains,  that  it  is 
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much  worfe  in  quality  now  than  formerly,  which  complaint  I  have  alfo  heard  from  othef 
intelligent  artifts.  I  did  not  aflc  him  concerning  the  art  of  forging,  but  take  it  for  granted, 
that  it  confifts  in  little  more  than  the  acquired  (kill  of  managing  the  bar  and  the  hammer, 
with  the  precautions  not  to  injure  the  texture  by  ftrong  hammering  at  too  low  a  heat,  or  to 
degrade  the  quality  of  the  fteel,  by  too  much  heat  or  expofure  to  the  current  of  air  from 
the  bellows. 

•  Cutlers  do  not  ufe  any  coating  to  their  work  at  the  hardening  heat,  as  the  file  cutters 
do ;  and  indeed  it  feems  evidcntly»unnece(Tary  when  the  article  is  intended  to  be  tempered 
and  ground.  Mr.  S.  agrees  with  me,  that  the  beft  rule  is  to  harden  as  little  as  poffible 
above  the  (late  intended  to  be  produced  by  tempering.  Work  which  ha3  been  overheated 
has  a  crumbly  edge,  and  will  not  afford  the  wire  hereafter  ta  be  defcribed.  The  proper 
hea(  is  a  cherry  red  vifible  by  day-light.  He  has  not  found  that  any  advantage  is  obtained 
from  the  ufe  of  fait  in  the  water,  or  cooling  that  fluid,  or  from  ufing  mercury  inftead  of 
water  j  but  it  may  be  remarked,  that  queftions  refpefting  the  fluid  are,  properly  fpeaking, 
applicable  only  to  files,  gravers,  and  fach  tools  as  are  intended  to  be  left  at  the  extreme  of 
hardnefs.  Yet  though  Mr.  Stodart  did  not  feem  to  attach  much  value  to  peculiarities  in 
the  procefs  of  hardening,  he  mentioned  it  as  the  obfervation  and  pra&ice  of  one  of  his 
workment  that  the  charcoal  (ire  (hould  be  made  up  with  (havings  of  leather :  and  upon 
being  aflced,  what  good  he  fuppofed  the  leather  could  do,  this  workman  replied,  that  he 
could  take  upon  him  to  fay,  that  he  never  had  had  a  razor  crack  in  the  hardening  fince  he 
had  ufed  this  method,  though  it  was  a  very  common  accident  before. 

It  appears  to  me  from  the  confideration  of  other  fa&s,  that  this  procefs  is  likely  to 
prove  advantageous.  When  brittle  fubftances  crack  in  cooling,  it  always  happens  from  the 
outfide  coatra&ing  and  becoming  too  fmall  to  contaiu  the  interior  parts.  Bqt  it  is  known, 
that  hard  fteel  occupies  more  fpace  than  when  foft,  and  it  may  eafily  be  inferred,  that  the 
nearer  the  (leel  approaches  to  the  (late  of  iron,  the  left  will  be  this  increafe  of  dimenfions* 
If  then  we  fuppofe  a  razor,  or  any  other  piece  of  fteel,  to  be  heated  in  an  open  (ire  with 
a  current  of  air  paf&ng  through  it,  the  external  part  will  by  the  lofs  of  carbon  become  lef$ 
fteely  than  before ;  and  when  the  whole  piece  comes  to  be  hardened,  the  infide  'will  be  too 
large  for  the  external  part,  which  will  probably  crack.  But  if  the  piece  of  (leel  be  wrapped 
up  in  the  cementing  mixture,  or  if  the  (ire  itfelf  contain  animal  coal,  and  is  put  together 
fo  as  to  operate  in  the  manner  of  that  mixture,  the  external  part,  inftead  of  being  de- 
graded by  this  heat,  will  be  more  carbonated  than  the  internal  part,  in  confequence  of 
which  it  will  be  fo  far  from  fplitting  or  binding  during  its  cooling,  that  it  will  be  acted 
upon  in  a  contrary  direftion,  tending  to  render  it  more  denfe  and  folid. 

One  of  the  greateft  difficulties  in  hardening  (leel  works  of  any  confiderable  extent,  more 
efpecially  fuch  articles  as  are  formed  of  thin  plates,  or  have  a  variety  of  parts  of  different 
fizes,  confifts  in  the  apparent  impracticability  of  heating  the  thicker  parts,  before  the 
(lighter  are  burned  awayj  betides  which,  even  for  a  piece  of  uniform  figure,  it  is  no  eafy 
matter  to  make  up  a  fire  which  (ha .,  te  .^  fpeedy  heat,  and  be  nearly  of  the  fame  intenfity 
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throughout.  This  difficulty  formed,  si  very  con  fide  r  able  impediment  to  my  fuccefc  io  a 
courfe  of  delicate  ftecl  work,  in  which  I  was  engaged  about  fcven  years  ago  ;  but  after 
various  unfuccefsfut  experiments,  I  fucceeded  in  removing  it  by  the  ufe  of  a  bath  of  mpked 
lead,  which  for  veiy  jufti fiable  reafons  has  been  kept  a  fecret  till  now.  Pure  lead,  that  is, 
to  fay,  lead  containing  little  or  no  tin,  is  ignited  to  a  moderate  rednefs,  and  then  well 
ftirred.  Into  this  the  piece  is  plunged,  for  a  few  feconds ;  that  is  to  fay,  until  when 
brought  near  the  furface  that  part  does  hot  appear  lefs  luminous  than  the  reft.  The  piece 
is  then  fpeedily  ftirred  about  in  the  bath,  fuddenly  drawn  out,  and  plunged  into  a  large 
mafs  of  water.  In  this  manner  a  plate  of  ftecl  may  be  hardened  fo  as  to  be  perfectly  brittle, 
and  yet  continue  fo  found  as  to  ring  like  a  bell ;  an  effc£t  which  I  never  could  produce  in 
any  other  way.  Mr.  Stodart  has  lately  made  trial  of  this  method,  and  confiders  it  to  be  a 
great  acquifition  to  the.  art,  as  in  fa&  I  found  it. 

The  letting  down,  or  tempering  of  hard  fteel,  is  considered  as  absolutely  neceflary  for 
the  prod u& ion  of  a  fine  and  durable  edge.     It  has  been  ufual  to  do  this  by  heating  the, 
hardened  fteel,  till  its  bright  furface  exhibits  fome  known  colour  by  oxidation.    The  firft 
colour  is  a  very  faint  ftraw  colour,  becoming  deeper  and  deeper  by  increafe  of  heat,  to  a 
fine  deep  golden  yellow,  which  changes  irregularly  to  purple,  then  to  an  uniform  blue,. 
fucceeded  by  white  and  feveral  fucceflive  faint  repetitions  of  thefe  feries.    It  is  well  known, 
that  the  hardeft  ftate  of  tempered  inftruments,  fuch  as  razors  and  furgeon's  inftruments, 
is  indicated  by  this  ftraw  colour ;  that  a  deeper  colour  is  required  for  leather  cutter's  knives, 
and  other  tools  that  require  the  edge  to  be  turned  on  one  fide ;  that  the  blue  which  indi- 
cates a  good  temper  for  fprings,  is  almoft  too  foft  for  any  cutting  inftrument  except  laws, 
and  fuch  tools  as  are  fharpencd  with  a  file ;  and  that  the  lower  ftates  of  hardnefs  are  not 
at  all  adapted  to  this  ufe.    But  it  is  of  confiderable  importance,  that  the  letting  down  or 
tempering,  as  well  as  the  hardening,  fhould  be  effe&ed  by  heat  equally  applied,  and  that 
the  temperatures,  efpecially  at  the  lower  heats,  where  greater  hardnefs  is  to  be  left,  fhould 
be  more  precifely  afcertained  than  can  be  done  by  the  different  (hades  of  oxidation,    Mr. . 
Hartley  firft  pra&ifed  the  method  of  immerfing  hard  fteel  in  heated  oil,  or  the  fufible  com- 
pound of  lead  five  parts,  tin  three,  and  bifmuth  eight.    The  temperature  of  either  of  thefe 
fluids  may  be  afcertained  in  the  ufual  manner,  when  it  does  not  exceed  the  point  at  which 
mercury  boils :  and  by  this  contrivance  the  fame  advantages  are  obtained  in  lowering  the- 
temperature  of  an  whole  inftrument,  or  any  number  of  them  at  once,  as  have  already  been 
ftated  in  favour  of  my  method  of  hardening.    Oil  is  preferable  to  the  fufible  mixture  for 
feveral  reafons.    It  is  cheaper  -,  it  admits  of  the  work  being  feen  during  the  immerfion  by 
reafon  of  its  tranfparency ;  and  there  is  no  occafion  for  any  contrivance  to  prevent  the 
work  from  floating. 

I  requefted  Mr.  Stodart  to  favour  me  with  an  account  of  the  temperatures  at  which  the^ 
fevtral  colours  make  their  appearance  upon  hardened  fteel  \  in  compliance  with  which  he . 
made  a  feries  of  experinfents  upon  furgeons  \  y     r  gardened,  highly  polifhcd,  and  ex- 
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jfofed  to  a  gradual  heat  while  f  dating  ?t  die  fitrfact  of  the  iufible  mixture    The  appear* 
ahces  are  as  follow : 

Sfo.  u  talten  out  a$  430°  of  Fahrenheit,  litis  temperature  leaves  the  fteel  in  the  moft 
Excellent  (late  for  razors  and  fcalpals.  The  tarnifti,  or  faint  yellowifti  tinge' it  produces,  is 
too  evanefcent  to  be  obferved  without  comparison  with  another  piece  of  poliihed  fteel, 
InftrumentS  in  this  ftate  retain  their  edge  much  longer  than  thofe  upon  which  the  adual 
draw  colour  has  been  brought,  as  is  the  common  pra£Hce.  Mr,  S.  informs  me,  that  430* 
is  the  lbweft  temperature  for  letting  down,  and  that  the  lower  degrees  will  not  afford  z 
firm  edge. 

No*  %  at  440°,  and  3  at  4500.  Thefe  needles  differ  fo  little  in.  their  appearance  from 
No.  1,  that  it  is  not  $afy  to  arrange  them  with  certainty  when  mifplaced. 

No.  4  has  the  evident  tinge  which  workmen  call  pale  ftraw  colour*  It  was  taken  out  at 
4K6V  *ad  has  the  ufual  temper  of  penknives,  razors,  and  other  fine  edge  tools.  It  is  much 
fbfter  than  No.  i,  as  Mr.  Stodart  aflures  'me,  and  this  difference  exhibits  a  valuable  proof 
Of  the' advantages  of  this  method  of  tempering. 

'  I&09;  y,  6",  7  and  8,  exhibit  fucceffive  deeper  fhades  of  colour,  having  been  refpc&ivfcly 
tiken'  oUt'at  the  temperatures' 47b0,  480°,  490°,  arid  500°.  The  laft  is  of  a  bright  brownifh 
xftetallic  yellow,  very  flighrly  inclining  to  purple.  ; 

tJo.  <JF  obralrfed  an  uniform  deep  blue  *t  the  tetriperahire  of  j8o°.  1-he  intermediate 
Aides'  prodtided*  on  fted  by  heats  between  506*  and  5800  are  yellow,  brown,  red,  and 
-purple,  Which  art  exhibited  irregularly  on  different  parts  of  the  furface.  As  I  had  before 
feen  this  irregularity,  particularly  oh  the  furfabe  of  a  razor  of"  Wootz*,  and  had  found  irr 
inyoWtt  experience4,  that  the  colours  On  different  kinds  of  fteel  dd  not  correfpbrid  With  like 
diegtf e£s  of  tertf per,  and  probably  of  temperature  in  their  production,  I  was' defirous  that 
fornc  experiments  might  be'  made  upon  it  by  the  fame  (kilful  artift.  Four  beautifully  po- 
lithed  blades  Were  therefore  expofed'  to  heat  on  the  fuftble  metal.  The  firft  was  taken  up 
when  it  had  acquired  the  fine  yellow1,  or  uniform1  deep  ftraw  colour.*  The  fecond  re* 
mfclrfCd On  the' mixture  till  the*  part  neareft  the  fterri  had  become  purplelfh,  at  which  period 
a  nUrnber  of  frnall  round  fpots  of  a  purpleifh  colour  appeared  in  the 'clear  yellow  of  the  blade. 
l*he  thitd  Was  left  till  the  thicker  parts  of  the!  blade*  were  of  a  deep  ruddy  purple,  but  the 
coricajre  face  ftill  continued  yellow.  This  alfo  acquired  fpots  like  the  other,  and  a  flight 
cloiidinefs;  Thefe  three  blades  were  of  caft  fteel;  the  fourth,  which  was  rrfade  but  of  a 
piece  called  Styriart  fteel,  was  left  upon  the  mixture  till  the  red  tinge  had  pervaded  alrnoft 
die'  whole  of  its  concave  face.  Two  Or  three  fpots  appeared  upon  this  blade,  but  the  greater 
part  of  its' furface Wa^  variegated  with  blue  clouds,  difpbfett  in  fuch  a  manner  as  to  produce 
thofe  waving  lines  which  in  Damafcus  fteel  are  called  the  water.  Two'  refults  are  mOrer 
iifrinediatety  faggeftttd  by  thefe  fa&fcj  fit  ft,  that  the  irregular  ptbduaion  of  deep  colour 
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pofitton,  as  well  as  the  method  by  an  acid  which  hat  before  been  explained  in  this  wpik  *  t 
and  fecond,  that  the  deep  colour  being  obferved  to  come  on  firft  at  the  thickeft  parts,  Mr. 
Stodart  was  difpofed  to  think,  that  its  more  fpeedy  appearance  was  ow;ng  to  thofe  parts  nof 
having  been  hardened.  But  upon  trial  with  a  plate  of  fteel  made  quite  hard  ftt  orr*  end,  and 
left  foft  at  the  other,  I  found  that  heat  applied  in  the  middle  produced  the  regular  changes 
at  both,  ends  precifely  in  the  fame  manner.  I  fuppofe,  therefore,  that'  the  thicker  parts 
finking  deeper  into  the  hot  metal,  experienced  a  ftronger  re-a&ion  and  better  oontaA* 
which  may  have  accelerated  the  communication  of  heat.  It  may  be  here  petieed, 
that  we  found  upon  repeating  the  experiment  of  applying  nitrous  acid  to  bright  ftefel,  which 
was  hardened  in  part  only,  the  black  tinge  appeared  more  fpeedily  and  ftrongly  upon  tilt 
hard  parts,  than  the  reft  of  the  furface :  a  remarkable  event,  for  the  explanation  of  which 
I  have  no  theory  to  offer. 

Let  us  now  fuppofe  our  cutting  inftrument  to  be  forged,  hardened,  and  let  down  or 
tempered.  It  remains  to  be  ground,  polifhed,  and  fet*  The  grinding  of  fine  cutlery  Is 
performed  upon  a  grindftone  of  a  fine  clofe  grit,  called  a  Bilfon  grindftone,  and  fold  at  the 
tool  (hops  in  London  at  a  moderate  price.  The  cutlers  ufe  wstter,  and  do  not  feem  to 
know  any  th'nTg  of  the  method  by  tallow  f.  The  face  of  the  work  is  rendered  finer  by  fob- 
fequent  grinding  upon  mahogany  cylinders,  with  efaicry  of  different  finenefs,  or  upon  cy- 
linders faced  with  hard  pewter,  called  laps,  which  are  preferable  to  thofe  with  a  wooden 
ftce.  The  laft  polifh  is  given  upon  a  cylinder  faoed  with  buff  leather,-  to  which  crocus,'  or 
the  red  oxide  of  iron  is  applied  with  water.  This  laft  operation  is  attended  with  confideft- 
?ble  danger  of  heating  the  work,  and  almoft  inftantjy  reducing  its  temper  along  the  thin 
edge,  which  at  the  fame  time  acquires  the  colours  of  oxidation. 

The  fctting  now  remains  to  be  performed,  which  is  a  work  of  much  delicacy  and  fltilh 
fo  much  fo  indeed,  that  Mr.  Stodart  afrures  me,  he  cannot  produce  the  moft  6xquifiteand 
perfe&  edge  if  interrupted  by  comrerfation,  or  evfcn  by  noifes  in  the  ftreef.  The  tool  ts 
firft  whetted  upon  a  hone  with  oil,  by  rubbing  it  backwards  and  forwards.  -In  all  the  pro- 
ceffes  of  grinding  or  wearing  down  the  edge,  but  more  efpecially  in  the  fetting,  the  artift 
appears  to  prefer  that  ftroke  which  leads  the  edge  according  to  the  adion  of  cutting,  in* 
ftead  of  making  the  back  run  firft  along  the  ftone.  This  proceeding  is  very  judicious;*  for 
if  there  be  any  lump  or  particle  of  ftone,  or  other  fubftance  lying  uport  the  face  of*  the 
grinder,  and  the  back  of  the  tool  be  firft  run  over  it,  it  will  proceed  beneath  the  edge,  and 
lift  it  up,  at  the  fame  time  producing  a  notch.  But  on  the  other  hand,  if- the  edge  be 
made  to  move  foremoft,  and  meet  fuch  a  particte,  it  will  Aide  beneath  it  and  fuffer  no 
injury.  Another  condition  in  whetting  is,  that  the  hand  (hould  not  bear  heavy :  becaufe, 
it  is  evident,  that  the  fame  ftone  muft  produce  a  more  uniform  edge  if  the  fteel  be  worn' 
away  by  many,  than  by  few  ftrokes.  It  is  alfo  of  effentral  importance,  that  the  hone  IrTelf 
{hould  be  of  a  fine  texture,  or  that  its  filiceous  particles  (hould  be  very  mihtftfe  Mr*. 
Stodart  informs  me,  that  there  are  no  certain  criterions  by  which  an  excellent  hone  can  be 
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diftinguifhed  from  one  of  ordinary  value,  excepting  thofe  derived  from  the  adual  life  of 
both :  that  the  Turkey  ftone  cuts  faft,  but  is  never  found  with  a  very  fine  grit :  that  the 
yellow  bone  is  mod  generally  ufeful,  and  that  any  ftone  of  this  kind  requires  to  be  foaked 
in  oil,  and  kept  wet  with  that  fluid,  or  otherwife  its  effe&s  will  be  the  fame  as  that  of  a 
coatfer  (lone  under  the  better  treatment :  and  laftly,  that  there  is  a  green  hone  found  in 
the  old  pavement  of  the  ftreets  of  London,  which  is  the  bed  material  yet  known  for  finifh- 
ing*  .fine  edge. 

The  grindftone  leaves  a  ragged  edge,  which  it  is  the  firft  efie&  of  whetting  to  reduce  fa 
thin,  that  it  may  be  bended  backwards  and  forwards.  This  flexible  part  is  called  the  wire, 
and  if  the  whetting  were  to  be  continued  too  long,  it  would  break  off  in  pieces  without 
regularity,  leaving  a  finer,  though  (till  very  imperfe&  edge,  and  tending  to  produce  acci- 
dents while  lying  on  the  face  of  the  ftone.  The  wire  is  taken  off  by  raifing  the  face  of  the 
knife  to  an  angle  of  about  50  degrees  with  the  furface  of  the  ftone,  and  giving  a  light 
ftroke  edge  foremoft  alternately  towards  each  end  of  the  ftone.  Thefe  ftrokes  produce  an 
edge,  the  faces  of  which  are  inclined  to  each  other  in  an  angle  of  about  10O  degrees,  and 
to  which. the  wire  is  fo  flightly  adherent,  that  it  may  often  be  taken  away  intire,  and  is 
eafily  removed,  by  lightly  drawing  the  edge  along  the  finger  nail.  The  edge  thus  cleared 
is  generally  very  even :  but  it  is  too  thick,  2nd  muft  again  be  reduced  by  whetting.  A  finer 
wire  is  by  this  means  produced,  winch  will  require  to  be  again  taken  off,  if  for  want  of 
judgment,  or  delicacy  of  hand,  the  artift  fhould  have  carried  it  too  far.  But  we  will  fup» 
pofe  the  obtufe  edge  to  be  very  even,  and  the  fecond  wire  to  be  fcarcely  perceptible.  In 
this  cafe  the  laft  edge  will  be  very  acute,  but  neither  fo  even  nor  fo  ftrong  as  to  be  durably 
ufeful. 

The  finifti  is  given  by  two  or  more  alternate  light  ftrokes  with  the  edge  flanting  fore- 
anoft,  and  the  blade  of  the  knife  raifed,  fo  that  its  plane  forms  an  angle  of  about  28  degrees 
.with  the  face  of  the  ftone.  This  is  the  angle  which  by  careful  obfervation  and  measure- 
ment, I  find  Mr.  Stodart  habitually  ufes  for  the  fined  furgcon's  inftruments,  and  which  he 
confiders  as  the  beft  for  razors,  and  other  keen  cutting  tools.  The  angle  of  edge  is  there* 
fore  about  56  degrees. 

The  excellence  and  uniformity  of  a  fine  edge  may  be  ascertained,  by  its  mode  of  opera- 
tion when  lightly  drawn  along  the  furface  of  the  fkin,  or  leather,  or  any  organized  foft 
fubftance.  Lancets  are  tried  by  fuffering  the  point  to  drop  gently  through  a  piece  of  thin 
foft  leather.  If  the  edge  be  exquifite,  it  will  not  only  pais  with  facility,  but  there  will  not 
be  the  leaft  noife  produced,  any  more  than  if  it  had  dropped  into  .water.  This  kind  of 
edge  cannot  be  produced,  but  by  performing  the  laft  .two  or  more  ftrokes  on  the  green 
hone. 

The  operation  of  (trapping  is  fimilar  to  that  of  grinding  or  whetting,  and  is  performed 
by  means  of  the  angular  particles  of  fine  crocus,  or  other  material  bedded  in  the  face  of  the 
ftrap.  It  requires  lefs  (kill  than  the  operation  of  fetting,  and  is  very  apt,  from  the  elaftir 
tity  of  the  ftrap*  to  enlarge  the  angle  of  the  edge,  or  round  it-too  much* 

Thoughts 
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F  the  fouth  pole  of  a  magnet  be  charged  with  filings  of  iron,  and  then  approached  to 
a  bar  of  iron  (landing  ereft,  part  of  the  filings  will  drop  off,  belaufe  the  poles  of  the 
fame  name,  by  exciting  a  contrary  arrangement,  weaken  each  other  \  but  if  the  filings  were 
fufpendcd  from  the  north  pole  of  the  magnet  it  would  take  up  ftiil  more  of  the  filings,  as 
the  oppofite  poles  ftrengthen  each  other,  the  uppermoft  pole  of  the  iron  in  this  cafe 
becoming  magnetic  by  pofition. 

If  the  fynonimous  poles  of  two  magnets  of  unequal  powers  be  approached  to  each  other, 
if  the  powers  be  very  unequal  the  ftronger  immediately  deftroys  the  weaker,  and  inducing 
a  contrary  difpofition  attrads  inftead  of  repelling  it;  if  the  powers  be  lefs  unequal  it  re- 
quires a  longer  time ;  fo  alfo  if  one  htfofter  than  the  other.  Even  if  their  powers  be  equal, 
yet  after  fome  time  the  fofter  will  yield  to  the  harder.  If  both  be  equally  hard  they  only 
weahen  each  other. 

If  a  magnet  be  cut  in  two,  in  a  diredion  parallel  to  the  axis,  the  parts  before  conjoined 
will  now  repel  each  other,  becaufe  they  (till  retain  two  fynonimous  poles. 

But  if  the  magnet  be  cut  in  two  in  a  dire&ion  perpendicular  to  the  axis,  the  two  ends 
before  conjoined  will  now  attract  each  other. 

If  a  magnetic  wire  be  twitted,  its  powers  are  fo  disordered  that  one  fide  of  the  wire,  in 
fome  places  of  it,  will  be  attracted  and  the  other  fide  repelled  by  the  fame  pole  of  the 
magnet. 

The  power  of  the  magnets  {ceteris  parib.)  is  in  proportion  to  their  furfaces  or  as  the 
fquares  of  their  diameters.— See  Huttorts  Magnetifm9  p.  71. 

Communication* 

When  iron  is  applied  to  or  brought  within  the  fphere  of  aSivity  of  a  particular  magnet, 
it  acquires  the  arrangement  requifite  to  form  the  heteronymous  pole,  and  thus  becomes 
Itfelf  in  fome  degree  magnetic  in  its  whole  length,  if  this  length  be  not  totally  difpropor- 
tioned  to  the  power  of  the  particular  magnet. 

Hence  the  other  end  of  fuch  bar  of  iron  acquires  the  the  arrangement  of  the  .oppofite 
pole,  according  to  the  laws  of  cryftalizatton  already  laid  down. 

Iron  becomes  magnetic  either  by  contaft  or  proximity  to  a  magnet,  or  by  pofition,  or 
by  internal  commotion. 

If  a  bar  of  iron  be  placed  in  a  vertical  pofition  its  infenfible  fibrillar  gradually  acquire 
the  magnetic  arrangement,  fo  that  after  fome  years  it  becomes  a  complete  magnet,  its 
kwtft  part  becoming  a  north  pole,  that  is,  pointing  when  free  to  the  north,,  and  the  upper 
a  fouth  pole*    In  the  S*.  hemifphere  the  under  end  becomes  a  fouth  pole. 

A  bar 


A  bar  of  iron  not  previoufly  magnetic  does  not  acquire  this  difpofition  in  the  flighted 
degree  while  lying  in  a  horizontal  or  nearly  a  horizontal  difpofition,  but  if  one  end  of  it 
be  raifed  it  immediately  acquires  it  in  fome  degree,  as  appears  by  approaching  a  magnetic 
needle  to  either  end,  becaufe  in  that  direction  it  is  then  expofed  to  tjic  activity  of  tj^ £ojar 
«nds  of  the  great  general  magnet* 

But  if  a  bar  of  iron  be  heated,  though  only  at  one  end,  and  while  hot  fet  in  ar  vertical 
or  rfearjy  a  vertical  pofition,  it  will  acquire  ttye  magnetic  pqwer  much  more  readily. 

So  alfo  if  one  end  of  a  l?ar  of  iron  pot  magq$tjc  be  ftruc^  againft  the  ground  it  will 
become  in  fome  4egrce  maga^ti^,  the  lower  eqcj  begpming  a  ftprth  pole,  &c.  and  if  afterr 
wards  the  other  end  be  (truck  in  the  fame  manner  the  poles  will  be  reverfed. 

Hence  it  is  evident  that  any  motion  communicated  to  the  integrant  particlps  of  irqn 
placed  in  a  proper  (itiiation  helps  them  to  ailume  the  magnetic  difpofition  already  im- 
prefied  upon  them  by  the  great  general  magrje$. 

If  the  oppolite  poles  of  two  magnets  of  equal  power  bq  approached  to  each  other  the 
power  of  both  is  incrcafed ;  and  if  one  of  them  be  more  powerful  than  the  other  it  will 
inpreafe  the  ipagnetic  difpofition,  and  confequeptly  the  power  of  the  weaker. 

Soft  iron,  as  its  parts  are  mod  eafily  mpved,  receives  the  magnetic  difpofition  mod  eafily, 
hard  iron  or  tempered  fteel  more  difficultly,  and  eaft  iron,  as  being  both  hard  and  abound* 
ing  in  the  heterogeneous  particles,  mod  difficultly  and  imperfectly. 

"Whatever  way  iron  is  applied  to  a  rnagnet  the  magnetic  power  is  difFufed  in  the  direc- 
tion of  its  length.  Heijce  it  (hould  feem  that  when  a  bar  of  iron  is  laid  on  a  magnet  the 
contiguous  ends  of  the  iron  become  poles  of  the  fame  name  with  thofe  of  the  magnet  to 
which  they  are  contiguous,  and  hence  may  be  derived  the  power  of  armed  magnets^  for  the 
fiirfaces  of  the  armour  immediately  beneath  thofe  of  the  magnet  imprefs  a  direction  oppofite 
to  their  own  on  thofe  of  the  magnet,  and  consequently  re&ify  fuch  furfaces  of  the  magnet 
as  may  have  been  inaccurately  direQed,  and  thus  ftrengthen  it. 

To  communicate  the  magnetic  power  to  iron  by  friftion  againft  a  magnet,  it  is  neceffary 
that  its  pole  (hould  Aide  along  the  magnet  feveral  times  in  the  fame  direction,  for  if  the 
directions  be  alternately  oppofed  the  powers  received  will  fucceflively  deftroy  each  other. 

A  fynonimous  pole  is  formed  at  the  end  at  which  the  fri&ion  begins,  to  that  of  the 
magnet  applied}  and  an  oppofite  at  that  at  which  it  terminates. 

Appropriation  to  Iron. 

It  has  of  old  been  obferved  that  the  magnetic  phenomena  were  peculiar  to  iron,  and 
the  reafons  why  they  are  fo  have  been  already  affigned,  but  of  late  fome  femi-metals  have 
been  obferved  to  partake  of  thefe  properties,  as  Nickel,  Kobalt  and  Manganefe  ;  this  has 
been  thought  to'  arife  from  a  mixture  of  ferruginous  particles  from  which  they  can  be 
Scarcely  freed,  and  with  refpeCt  to  Manganefe,  and  in  many  cafqs  of  the  others  alfo,  this 
feems  to  hold  true ;  but  with  refpe£t  to  Nickel,  and  in  fome  inftances  of  the  others  alfo, 
the  magnetic  properties  they  difcover  feem  to  me  to  proceed  from  their  great  attraction  to 

iron, 
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sJtai  ffieif  mtatj  to  itda. 
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Q/*  Inclination  and  Declination.  •••>'• 
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•ftcfe  pfciWomdna,  which  are  fo  didereiit  in  different  parts  of  the  gfcbi,  and'  eren  m 

different  feafons  and  hotfrs  of  fie  day,  not  being  as  yet  noted  with  fufficientv  certainty' ancf 

pfceitioti,  I  fliall  for  thi  prefent  decline  entering  into  their  explanation*        .  .  "  ; 

VIII. 

On  the  Fetid  Gas  if  Drains. 

STR, 

London ,  May  t6>  i&ool 

X  HERE  is  a  phenomenon  which  occurs  too  frequently  for  the  comfort  and  eafe  of  many 
of  the  inhabitants  of  this  and  other  towns  which  have  fubterraneous  drains,  and  has  not 
been  explained  as  I  can  yet  find  by  reading  or  enquiry.  Previous  to,  or  about  the  time  of 
the  late  change  from  fair  to  frequent  arid  continued  rains,  the  apertures  of  the 
common  fewers,  or  great  public  drains  communicating  with  the  ftreets  as  well  as  with? 
houfes,  privies,  &c.  emitted  a  well-known  and  abominably  difgufting  JTmell,  which  is  often 
perceived  upon  change  of  weather.  It  is  alfo  obfervable  in  fome  houfes  that  this  fmell  i* 
always  more  or  lefs  predominant  when  the  windows  are  (hut.  in  at  nighf.  Perhaps  I  may 
be  troubling  you  upon  a  very  well-known  fubje&»  when  1  requeft  you  will  explain  thefe 
fadts,  and  point  out  the  remedy  ;  but  I  am  fure,  however,  that  many  of  your  readers  would 
be  glad  to  have  your  thoughts  upon  it,  as  well  as 

,    Your  obliged  reader, 

S.  S» 


■  « 

The  fubje&  to  which  the  enquiries  of  S.  p.  are  directed  is,  in  fa£r,  but  little  undeTftood^ 
The  emiffion  of  fetid  gas  from  the  drains  is  found  to  take  place  when  the  barometer  falls  ;. 
and  perhaps  alfo  upon  changes  of  the  thermometer,,  though  I  am  difpofed  to  think  this  iaft 
is  not  the  cafe*  The  oflfenfive.  gas  which  thua  rifes  from  its  fubterraneous  (ituation  con- 
lifts,  probably,  for  the  molt  part  of  fulphurated  hydrogen,  together  with  humid  effluvia  and 
purrefcent  matter.  Houfes  which  are*  fubjeft  to  this  infection  are  remarkable  for  the  fpeed 
with  which  Giver  plate  becomes  blackened,  even  when  the  prefence  of  the  gas  is  not  per- 
ceptible to.  the  inhabitants;,  and  they  are  alio  chaxafteriilically  remarkable  for  dileafe  and 

mortality; 
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mortality.  I  do  not  know  cf  any  experiments  which  Have  been  ftri&ly  inftituted  to  (hew 
chat  the  laws  of  the  elafticity  and  confequent  expanGon  of  the  gafes  under  variations  of 
preflure  are  different,  and  in  what  dire&ion  and  quantity.  But  it  is  evident,  in  the  prefent 
cafe,  that  when  the  fuperincumbent  preflure  of  the  air  above  us  is  diminifhed,  the  gas  in 
the  drains  expands  more  than  the  common  air  near  the  furface  of  the  earth  :  fo  that  the 
former  is  made  to  afcend  into  the  apartments  of  houfes  and  the  ftrcets.  The  a&ion  of 
the  fires,  in  dwelling  houfes  caufing  an  afcending  current  up  the  chimneys,  there  muft  of 
courft  be  afupply  at  the  doors,  windows,  and  other  openings:  but  when  thefe  openings 
are  molt  effectually  (hut,  as  is  the  cafe  at  night,  they  will  lefs  readily  fupply  the  air,  and' 
4  larger  portion  will  be  prefled  in  from  the  drains.  It  is  certain,  neverthelefs,  that  this 
preflure,  as  far  as  it  regards  the  openings  into  a  dwelling  houfe,  is  in  all  cafes  very  fmall. 
Indeed,  there  is  no  probability  that  it  ftiould  equal  the  preflure  of  half  an  inch  of  water.  ' 
The  remedy  for  this  ferious  and  verjr  difgufting  inconvenience  is,  therefore,  very  eafy  and 
fimple,  and  like  wife  very  well-xnowri,  though  much  lefs  fo  than  could  be  wiftied  when 
we  refleft  on  the  number  of  houfes  which  are  thus  incommoded.  I  do  not,  therefore* 
think  that  the  want  of  novelty  ought  to  be  confidered  as  a  fufficient  reafon  why  I  (hould 
hefitate  to  defcribe  for  the  ufe  of  my  prefent  correfpondent,  and  others  in  the  like  want 
of  information,  the  very  common  apparatus  which  bricklayers  call  a  (link  trap. 

Let  us  fuppofe  a  drain,  or  fubterraneous  gutter,  to  communicate  from  beneath  the 
pavement  of  a  kitchen  to  the  principal  drain  in  the  ftreet,  and  that  there  is  a  grate,  or 
a  fet  of  holes,  in  the  pavement  for  the  purpofe  of  fuffering  wafte  water  to  flow  off. 
Thefe  fame  holes  will  admit  the  noxious  vapours  of  the  drain  into  the  houfe.  But 
if  any  contrivance  could  be  made  that  the  drain  (hould  fuffer  water  to  run  out,  and 
at  the  fame  time  prevent  air  from  returning  back,  we  (hould  evidently  be  in  pofleflion  of  a 
remedy  for  the  fubjeft  of  complaint.  A  variety  of  methods  prefent  themfelves  for  the 
accomplifhment  of  this.  The  mod  common  is  diftinguifhed  by  the  name  given  above. 
It  confifts  in  inclofing  the  drain  with  a  flat  done,  which  ferves  as  a  wall,  to  prevent 
all  communication  as  to  the  upper  part  of  the  cavity:  but  the  water  is  fufiered 
to  pafs  off  beneath  its  lower  edge  by  finking  the  floor  of  the  drain  in  that  par- 
ticular part.  The  deprefied  part  or  cavity,  therefore,  forms  a  fmall  well  or  pool,  in 
which  water  is  conftantly  lodged ;  and  the  edge  of  the  (lone  being  defignedly  low  enough  to 
remain  conftantly  immerfed,  the  gas  cannot  return,  unlefs  its  preflure  be  fufficient  to  (ink 
that  furface  of  the  water  which  is  furtheft  from  the  houfe  to  a  depth  at  lead  equal  to 
that  depreflion  5— an  event  which  never  happens. 

Though  this  contrivance  is  attended  with  a  charge  which  is  very  little  when  counter- 
balanced againft  the  evils  it  removes,  yet  as  it  requires  the  pavement  to  be  taken  up,  and  a 
few  other  difpofitions  to  be  made,  there  are  fufficient  motives  for  preferring  dill  Ampler 
methods  if  offered.  One  of  thefe  confifts  in  making,  the  cavity  or  depreflion  of  the  floor 
immediately  beneath  the  opening  in  the  pavement,  and  fixing  a  piece  of  wooden  or  other 
pipe  to  pafs  from  the  furface  of  the  ground  into  the  (lagnant  water.  It  may  eafily  be 
underftood  that  a  perfe£t  clofure  muft  be  made  round  the  fides  of  the  pipe  before  the  grate 

3  or 
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or  drain  ftone  islaijl  down.  Another  apparatus,  which  is  (till  Ampler  in  its  application 
is  caft  for  that  purpofe  at  fome  of  our  iron  foundcries,  or  may  be  mado  in  wood  or 
metal  by  thofe  in  remote  fituations,  who  may  prefer  it.  A  bowl  about  fix  or  feven 
inches  in  diameter,  or  even  fmaller,  is  caft  with  a  flanch  or  flat  rim,  for  the  purpofe  of 
fetting  it  in  the  pavement.  In  the  bottom,  or  loweft  part  of  the  cavity,  there  is  a  round 
hole,  defended  by  a  (hort  upright  pipe,  through  which  water,  if  poured  into  the  bowl, 
would  pafs  as  foon  as  the  bowl  is  filled  to  the  top  of  the  pipe.  A  perforated  cover,  with 
holes  in  it,  is  made  fo  as  to  fit  in  the  cavity  of  the  bowl ;  and  there  is  another  (till  fmaller 
bowl  rivetted,  bottom  upwards,  to  the  cover  itfelf.  When  the  cover  is  put  on,  the  fmall 
bowl  therefore  furrounds  the  pipe,  and  when  water  is  poured  through  the  holes,  it  runs  into 
the  larger  bowl,  and  a  quantity  always  remains  therein  fufficient  to  ftand  above  the  edge  of 
the  inverted  bowl,  becaufe  the  middle  pipe  rifes  higher  than  that  edge.  It  is  fcarcely 
neceflary  to  add,  that  the  wafte  water  will  flow  through  the  bowl  by  means  of  its  pipe ;  but 
that  the  air  of  the  drains  can  only  have  accefs  to  the  infide  of  the  inverted  bowl,  and  cannot 
enter  the  houfe  unlefs  its  preffure  were  fufficient  to  fink  the  furface  of  the  included  water, 
and  raife  that  in  the  outer  bowl  as  much  as  the  inverted  edge  lies  lower  than  the  top  of  the 
pipe.     The  preffure  is  never  equal  to  this  quantity. 


IX. 

A  Memoir ,  in  zuh'ch  the  Queftion  is  examined*  whether  Azote  be  afimple  or  compound  Body? 
By  Christopher  Girtanner,  DoBor  of  Phyfic  at  Gottingen*. 

T- 
HE  mod  celebrated  chemifts  have  long  been  aware  of  the  important  part  which  is 
performed  by  azote  in  all  the  operations  of  nature.  Lavoifier,  Fourcroy,  Berthollet,  Van 
Mons,  Guiton,  Chaptal,  Vauquelih,  Prieftley,  Van  Marum,  Goettling,  Wiegleb,  Von 
Hauch,  Paets  Van  Trooft  wyck,  Deiman,  and  many  other  chemifts,  have  ftudied  the  nature 
of  this  fubftance  with  various  degrees  of  fuccefs.  To  thefe  united  labours  it  is  that  we  are 
*  indebted  for  our  knowledge  of  its  lingular  properties,  which  are  fo  very  different  from 
the  properties  peculiar  to  other  elaftic  fluids. 

But  this  lingular  principle  appears  to  be  more  efpecially  of  importance  with  regard  to  its 
effects  in  organized  bodies. 

Jn  the  inquiries  which  I  have  made  for  more  than  twelve  years  paft,  on  the  mechanifm 
of  life  in  animals  and  plants,  I  found  myfelf  every  where  flopped  by  this  principle  fo  little 
known.  I  faw  it  appear  and  difappear  in  my  experiments,  without  being  able  to  fix  it,  or 
to  explain  the  manner  in  which  it  had  been  introduced  into  the  bodies  from  which  I  had 
extracted  it.    I  foon  began  to  fufpe£t  that  azote  was  not  a  fimple,  but  a  compound  body. 

•  Communicated  by,  the  author  to  Citizen  Van  Mons,  and  published  in  the  Annates  de  Chimie, 
XXXIV.  1. 

VojuIV.— June  i8oo*  T  I  formed 
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t  g6  On  the  produSion  ofAtdttfrom  heated  Water. 

I  formed  various  conjcfturcs,  which  experiment  proved  to  be  falfe,  and  had  entirely  re* 
noiinced  this  refearch  in  defpair,  when  the  difpute  which  was  agitated  concerning  the 
azote  obtained  from  the  vapour  of  water  again  excited  my  attention.  This  difpute  is  not 
yet  terminated,  notwithftanding  what  has  been  faid  for  and  againft  the  change  of  water 
pnto  gas  by  Goeding,  Wiegleb,  Von  Hauch,  Weftrumb,  Achard,  Wurzfer,  Juch,  Van 
Mons,  Paets  Van  Trooftwycl^  and  Dieman.  It  appears  to  me  that  this  famous  difpute 
has  much  analogy  with  feveral  other  controversies  mentioned  in  the  annals  of  our  fcience, 
and  by  which  the  mod  important  points  of  chemical  theory  have  been  fixed.  Such  was 
the  difpute  refpefting  the  exiftence  or  non-exiftence  of  the  carbonic  acid  in  chalk,  which 
engaged  all  the  chemifts  of  Europe  ;  fuch  was  the  difpute  refpefting  the  exiftence  or  non- 
exiftence  of  oxigen  in  the  red  oxide  of  mercury :  a  difpute  in  which  I  was  myfelf  engaged, 
and  ill-treated  by  the  German  chemifts,  particularly  Gren,  who  was  cafily  put  out  of 
temper  #. 

Wiegleb,  Goettling,  Von  Crell,  maintained : 

i.  That  the  vapours  of  water  in  their  paffage  through  ignited  tubes  are  changed  into 
azote ; 

2.  That  this  change  always  happens,  and  in  all  citcumftances,  provided  that  vapours  of 
the  water  are  brought  into  contact  with  red  hot  bodies ; 

3.  TTiat  water  is  changed  into  azotic  gas  by  combining  with  caloric ; 

4.  That  water  is  the  ponderable  bafis  of  azote  gas,  and  every  other  gas. 

5.  That,  confequently,  the  theory  of  LavoiGcfr,  is  falfe. 

The  Dutch  chemifts,  as  well  as  Meffirs.  Von  Hauch,  Juch,  Van  Moos,  &c.  main- 
tained : 

i.  That  the  vapours  of  water  in  paffing  through  red  hot  tubes  are  never,  and  in  no  cafe, 
converted  into  azote  gas ; 

2.  And  that  it  is  only  by  error  that  azote  gas  has  been  obtained,  becaufe  it  was  not 
a  produ&  of  water,  but  patt  of  the  atmofphetic  air  which  pa(T<;d  through  the  tubes ; 

3.  That,  consequently,  the  theory  of  Lavetfier  remains  unfliaken,  and  the  theory  of 
phlogifton,  or  that  of  water  being  the  bafe  of  all  the  gafes,  is  erroneous. 

I  was  very  much  interefted  in  this  difpute,  of  which  I  vcfry  attentively  followed  the 
progrefs.  But  I  was  forry  to  obferve  that  the  fpirit  of  party  mixed  in  the  difcuflion ;  that 
harihnefs  prevailed  on  both  fides ;  that  the  difpute  was  not  for  the  acquiution  of  truth, 
but  vi&ory,  and  the  enquirers  had  previoufly  decided  to  find  only  fuch  fads  as  their 
theories  required;  and,  confequently,  thai  their  discernment,  even  in  matters  of  fa&, 
became  impaired.  Experiments  were  multiplied ;  the  truth  of  the  narratives  was  on  both 
fides  difputed;  refults  were  found  abfoluftety  contrary  to  each  other;  and  the  parties, 

j 

•  Out  of  all  the  opinions  which  Gren  has  fupported,  there  is  not  one  in  which  be  ha*  been  in  the  right : 
but  he  pofleflcs  the  merit  of  having  written  his  Syftematifches  Handbucb,  which  is  an  excellent  compilation. 
The  bind*  of  Gren  were  of  more  Value  *s*n  bis  head  5  Ac  compiled  well,  but  his  meditations  pofleJTed  no 
force.    G, 
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inftead  of  difcovering  the  truth  as  a  common  bafis  of  union,  became  moire  and  more 
remote  from  each  other  in  their  conclufion*. 

For  my  part  I  was  no  otherwife  intereftcd  in  this  difpute  than  to  fupport  the  interefts 
of  truth.  I  am  intimately  perfuaded  that  the  fyftem  of  Lavoifier  is  conformable  to  nature: 
An  experiment  is  announced  to  me  which  is  faid  to  overthrow  this  fyftem  totally.  Let  us 
fee  ;  let  us  examine ;  let  us  repeat ;  and  if  the  fyftem  be  falfe,  it  is  better  to  abandon  it  in 
good  time,  and  not  to  wait  till  it  abandons  us.  Let  us  not  be  attached  to  fyftem,  but 
to  truth ;  and  when  nature  fpeaks,  let  us  liften  to  her  voice  in  preference  to.  Stahl  or 
Lavoifier,  Defcartes  or  Newton.  Whatever  may  be  the  refult  of  our  experiments,  we  (hall 
not  fail  to  profit.  The  thing  of  which  we  rifk  the  lofs  being  merely  error,  we  cannot 
be  too  defirous  of  undergoing  it. 

Thus  it  was  that  I  reafoned.  I  had  learned  by  the  hiftory  of  chemiftry  that  in  all  difputes 
where  the  parties  obtained  oppoftte  refults  from  the  fame  experiments,  there  is  an  error  in 
the  manner  of  expreffing  them  (elves,  and  that  at  the  bottom  both  parties  are  in  the  right. 
I  was  very  much  difpofed  to  think  that  the  cafe  before  us  was  a  queftion  of  this  kind. 

I,  therefore,  propofed  to  myfelf  the  refolution  of  the  following  queftions : 

1.  Are  the  vapours  of  boiling  water  changed  into  azote  gas  in  their  paflage  through 
ignited  tubes  ? 

2.  In  what  circumftances  does  this  change  take  place  ? 

3.  What  is  the  caufe  of  this  production  of  azote  gas  ? 

4.  Are  the  experiments  contrary  to  the  fyftem  of  Lavoifier,  or  not  ? 

I  muft  firft  confefs,  before  I  enter  upon  this  difcuffion,  that  the  manner  in  which  the 
produftion  of  azote  gas  had  been  explained,  in  fuppofing  the  external  air  to  pafs  through 
the  tubes,  did  not  appear  to  me  at  all  fatisfa£tory. 

I  had  myfelf  formerly  adopted  this  explanation  #  j  but  I  very  foon  gave  up  an  opinion 
fo  contrary  to  every  thing  we  know  of  chemiftry. 

,  I  am  really  concerned  to  fee  this  improbable  opinion  maintained  by  chemifts  of  the 
firft  rank.  But  the  hiftory  of  chemiftry  fupplies  us  with  many  examples  of  the  fame 
nature.  Before  the  immortal  Lavoifier  had  proscribed  the  do&rine  of  phlogifton,  the 
Stahlians  removed  a  leading  difficulty  of  their  fyftem  in  a  manner  abfolutely  fimilar.  The 
oxide  of  mercury  was  put  into  a  crucible,  which  was  clofed  in  the  moil  accurate  manner, 
and  then  expofed  to  heat.  Upon  opening  it  after  cooling,  it  was  found  to  contain 
running  mercury.  Now  a  reduction  of  this  kind  not  being  poffible,  according  to  the  doc- 
trine of  Stahl,  without  the  intermedium  of  phlogifton,  the  partizans  of  that  doctrine 
were  aflced  for  an  explanation  of  a  fa&  fo  contrary  to  it.  They  replied,  that  the  phlogifton 
had  pafled  through  the  crucible  to  unite  with  the  mercury.  Even  Bergmann  and  Scheele 
were  content  with  fo  abfurd  an  explanation  +,  which  proves  that  the  fpirit  of  fyftem 
mifleads  the  beft  underftandings,  and  renders  them  ridiculous  in  the  eyes  of  poftcrity 

♦  Anfangvgrunde  der  Antiphlogiftifchen  Chemie,  fecond  edition,  page  89—90. 
f  Scheele  Von  luft  und  feuer,  edition  of  Leonhardi,  page  4.2. 
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lefs  prejudiced  and  more  enlightened.  I  {hall  (hew  that  azote  does  not  pafs  through  ignited 
tubes,  any  more  than  phlogifton  paflcs  through  crucibles.  The  experiments  which  Prieftlcy 
has  made  to  prove  that  air  paflcs  through  earthen  retorts  do  in  no  refpeft  prove  it.  He 
faw  the  retorts  fmoke  on  their  outer  furface :  but  this  vapour  was  not,  as  he  imagined, 
water  pafling  through :  but  the  external  furface  of  the  earthen  retort  attra&ed  water  from 
the  atmofphere. 

(To  be  continued.) 
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On  the  Power  of  the  Oxygenated  Muriatic  Acid  in  Vegetation.    By  a  CorrefpondenU 

To  Mr.  NICHOLSON. 
SIR, 


F, 


ROM  a  convi&ion  that  you  have  a  fatisfa&ion  in  giving  a  place  in  your  ufeful  Journal* 
ta  any  hints  that  tend  to  reftore  an  important  difcovery  to  its  rightful  owner,  I  am  induced 
to  tranfmit  to  you  the  annexed  tranfcript  of  part  of  an  effay  written  by  the  late  ingenious 
Dr.  Ingenhoufz. 

It  was  publifhed  in  the  year  1796,  in  an  appendix  to  the  general  report  of  the  Board  of 
Agriculture  :  and  clearly  demonstrates,  that  at  that  period,  the  Doftor  not  only  poflcffed  an 
idea  of  the  power  of  the  oxygenated  muriatic  acid  in  accelerating  the  germination  of  feeds, 
but  had  actually  put  it  to  the  teft  of  experiment*  I  need  hardly  add,  that  the  effc&s  of 
this  acid  in  refufcitating  the  dormant  powers  of  vegetable  animation,  has  lately  been  im- 
ported as  a  philofophical  novelty  from  the  Continent* 

"  As  I  have  made  mention  more  than  once  in  this  paper,  of  a  letter  I  wrote  to  Sir  John 
Sinclair,  dated  Dec.  2d.  1794,  on  different  articles  relating  to  agriculture,  and  among 
others,  upon  the  beneficial  effe£ts  of  alkaline  falts  in  promoting  vegetation,  and  refpe&ing 
the  effe&s  of  fome  other  falts ;  and  as  that  letter  makes  no  part  of  this  paper,  I  think  it 
proper  to  inform  the  reader,  that  the  particularly  good  effe£t  of  alkaline  fait  was  fo  manifefb 
In  my  own  garden,  that  all  the  gardeners  who  faw  it  thought  it  equal  to  the  efie&s  of 
the  beft  horfe  dung.  I  repeated  the  application  of  that  fait  laft  year  (1795)  at  Hartford 
with  the  Hon.  Baron  N.  Dimfdale,  M.  P.  in  his  garden,  and  that  gentleman  was  equally 
convinced  as  myfelf,  of  its  manifeft  good  effefts.  We  tried  at  the  fame  time,  the  appli- 
catipn  of  different  neutral  falts,  the  particulars  of  which  experiments  I  may  poffibly  publiih 
on  fome  future  occafion.  We  made  alfo  many  experiments  with  different  folutions,  and 
medicated  liquors  poured  upon  the  ground,  as  well  as  deeping  the  feeds  of  different  grains 
in  them.  Be  it  fufficient  to  fay  here,  that  of  all  the  neutral  falts  we  tried,  the  glauber  fait, 
did  feem  to  be  one  of  the  beft  in  promoting  vegetation  ;  and  that  the  fteeping  the  feeds  in 
the  oxygenated  marine  or  muriatic  acid,  (which  is  now  much  employed  in  bleaching  lifien 

in 
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in  an  expeditious  way)  had  a  particularly  beneficial  efleft  in  producing  early  and  vigorous 
plants.'  The  beneficial  effe£U  of  thefe  different  fubftances  may  be  eafily  accounted  for  by 
an  intelligent  reader,  according  to  the  theory  laid  down  in  this  paper." 

a  We  were  fomewhat  aftoniihed  that  thofe  feeds,  viz.  wheat,  barley,  rye,  and  oats, 
-which  had  been  fteeped  in  the  above-mentioned  oxygenated  muriatic  liquid,  even  during 
forty-eight  hours,  did  thrive  admirably  well ;  whereas  the  fame  feeds  fteeped  during  fo 
long  a  time  in  fome  of  the  other  medicated  liquids,  were  much  hurt,  or  had  loft  their 
vegetative  power.  The  fame  oxygenated  liquid  poured  upon  the  ground  had  alfo  a  bene- 
ficial effea." 

The  differtation  from  which  the  above  extract  is  made;  although  evidently  a  hafty  and 
unfinifhed  production  of  its  truly  fcientific  and  refpe&able  author,  contains  fo  many  ori- 
ginal hints,  and  ufeful  views,  refpefting  the  important  obje£t  of  increafing  the  fubfiftencc 
of  mankind,  as  derived  from  the  produ&ion  of  farinaceous  vegetable  matter,  that  it  is  to 
be  regretted,  it  is  not  known  beyond  the  circle  to  which  its  peculiar  mode  of  publication 
has  neceflarily  limited  it. 

Your^s 

A  conftant  reader, 

B. 


SCIENTIFIC  NEWS,    ACCOUNTS  OF  BOOKS,  «c. 

An  Account  of  the  Irides  or  Corona,  which  appear  around  and  contiguous  to  the  Bodies  of  the  Sun, 
Moon,  and  other  luminous  ObjeBs  *•     O&avo,  46  p.  one  Plate.  Cadeli  and  Davies.  1 799. 

rrs 

JL  HIS  work,  as  well  as  the  other  concerning  the  Inflexions  of  Light,  noticed  in  the 
Journal  of  the  laft  month,  page  78.  is  the  produ&ionj  of  Gibbes  Walker  Jordan,  Efq. 
the  initials  alone  of  whofe  name  are  affixed  to  the  concluding  page  of  each  work.  This  con- 
tains an  application  of  fome  of  the  principles  and  difcoveries  contained  in  that,  to  the  expla- 
nation of  the  phenomena  named  in  the  title,  an  explanation  which  how  greatly  foever  it 
might  have  been  hitherto  defired,  was  certainly  unattainable  before  thofe  difcoveries  were 
known. 

All  irides,  orcoronse,  our  author  divides  into  four  forts;  i.  irides  confiding  of  many 
concentric  orders  of  colours  contiguous  to  the  fun  or  moon ;  2.  the  iris  of  45  degrees  dia- 
meter; 3.  the  iris  of  about  840 ;  and  4.  the  iris  of  about  100  degrees  diameter,  the  pri- 
mary and  fecondary  rainbows  of  philofophy.  After  obferving  the  infufficiency  of  the 
principles  applied  by  Des  Cartes,  Huygens,  and  Newton,  to  the  explanation  of  thefe  dif- 

*  For  this  article  I  am  obliged  to  the  fame  correfpondent  as  for  the  former. 
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ferefit  appearance*,  and  reprobating  the  conftruAion  of  frozen  machineries  for  the  purpofe, 
he  proceeds  to  ftjtte  the  circtimftances  und$r  which  the  irides  of  the  firft  fort>  the  obje&t 
of  immediate  enquiry;  are  exhibitcdt 

Thefe  irides  appear  of  one  or  more  concentric  orders  and  circles  of  colours*  clofe  around 
and  contiguous  to  the  fun  or  moon,  and  fometimes  around  the  brighfceft  of  the  planets  and 
fixed  ftars.  The  colours  from  the  luminary  outwards  are  greyiftt,  blacker  blue,  or  faint 
white,  fucceeded  by  a  broad  denfe  white,  followed  by  yellow,  then  by  red ;  then  by  violet, 
blue,  green,  yellow,  red ;  green,,  diluted  yellow,  red ;  diluted  green,  diluted  red.  The 
fecond  order  is  frequently  only  green,  yellow,  red ;  and  the  third  only  diluted  green,  red. 
The  two  firft  orders  are  molt  frequently  feen,  the  third  lefs  frequently,  the  fourth  tooft 
rarely.  The  firft  may  be  feen  every  night,  when  the  moon,  with  more  than  half  a  face, 
(bines  through  thin  white  fleecy  clouds,  and  through  fimilar  clouds  by  receiving  the  fun's 
image  through  a  fmall  hole  into  a  darkened  chamber  on  a  (heet  of  white  paper; 

Of  thefe  irides  the  diameters  vary  confiderably :  that  of  the  firft  order  from  one  degree 
to  sit  and  that  of  the 'fecond  from  3^  to  10^  degrees.  The  general  breadth  of  the  firft 
prder  of  colours  is  rather  more  than  45  minutes,  and  thofe  of  the  others  are  fucceffively 
lefs. 

In  explaining  thefe  phenomena,  icy  cryftalizations  of  all  forts  are  rcjeCted,  and  globules 
of  water,  the  only  regular  forms  of  concretion  which  the  vapours  of  the  atmofphere  admit 
of,  are  alone  to  be  reforted  to  for  the  principles  of  exiftence  of  regular  and  conftant 
phenomena. 

For  explaining  thefe  phenomena  as  pioduced  by  globules  of  water,  all  the  hitherto  ac- 
cepted principles  are  fhewn  to  be  inefficient.  The  principle  of  parallel,  or  efficient  rays, 
employed  in  the  fchools  to  account  for  the  exhibition  of  the  primary  and  feeondary  rain- 
bows, is  exceptionable  in  its  former  ufe,  and  is  not  here  to  be  received,  becaufe  vifion  of 
images  is  not  by  parallel  rays,  becaufe  the  light  after  paffitge,  if  Efficiently  ftrong  to  be 
feen,  would  only  produce  a  broad  circle  round  the  luminary  of  decaying  white  light.    . 

Newton  explains  thefe  phenomena  by  the  fits  of  .eafy  tranfmiffion  and  reflection,  and  by 
comparing  the  refraCtion  of  the  rays  palling  through  a  drop  of  water,  to  the  reflection  of  a 
flender  beam  of  Kght  frpm  the  back  part  of  a  glafs  lens.  The  fits  of  eafy  tranfmiffion  and 
reflection  have  no  exiftence.  The  circuqnftances  of  the  ref rafted  light  in  the  phenomena 
are  altogether,  and  effentiaUy  different  from  thofe  of  the  light  in  the  experiment  by  re- 
flection from  a  lens,  and  it  is  further  (hewn  to  be  impoffible  by  any  refraCtions  through  a 
drop  to  produce  appearances  of  the  obferved  orders  of  colours.  It  is  a  principle  derived 
from  the' doCtrinc  of  images,  and  ufed  in  explaining  the  primary  and  feeondary  rainbows, 
that  the  colours  of  the  drop  are  inverted  in  the  bow ;  and  according  to  this  principle,  thefe 
irides,  if  formed  by  refraCtions  through  the  drops,  would  have  their  blues  external,  their 
reds  internal,  contrary  to  obfervation.  For  this  fame  reafon,  and  from  an  eflential  change 
in  the  attendant  circumftances,  thefe  phenomena  cannot  be  produced  by  the  inflections 
obferved  in  a  flender  beam  of  light  paffing  by  the  edge  pf  a  fingle  body. 
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The  only  true  principles  of  explanation  of  thefe  phenomena,  are  to  be  found  among 
thofe  new  obfervations  concerning  the  inflexions  of  light  before  fpoken  of. 

When  two  bodies  approach  one  another  in  a  folar  beam,  the  pafling  light  between  their 
edges  is  divided  and  diftributed  on  both  fides  into  two  complete  fets  of  fringes.  Vide 
Journal^  Obfervation  e,  page  81.  Each  of  thefe  fets  of  fringes  beginning  from  the  central 
diftance  between  the  bodies,  and  advancing  towards  either  of  the  bodies,  is  compofed  of 
the  fame  colours  and  orders  of  colours  as  the  obferved  irides.  Of  thefe  the  blues  are  lead, 
the  reds  mod  bent,  the  blues  furtheft  from,  the  reds  neareft  to  the  body. 

Whenever  therefore  two  globules  of  water  in  a  cloud  or  vapour  approach  near  each  other, 
the  light  pafling  between  them  will  be  diftributed  into  fimilar  fringes,  and  the  union  of 
thefe  fringes  from  between  different  drops,  will  produce  all  around  the  luminary  circles, 
and  orders  of  colours,  fuch  as  by  obfervation  are  really  found  to  be  exhibited. 

The  nearer  to,  or  more  remote  the  two  bodies  of  the  experiment  are  from  each  other, 
the  more  or  lefs  broad  will  be  the  fringes,  and  therefore  the  breadths  alfo  of  the  irides  will 
depend  upon,  and  vary  with  the  diftanees  of  the  globules,  and  thence  the  obferved  varia- 
tions of  breadth  are  cafily  accounted  for.  The  breadths  are  varied  alfo,  and  more  efpecialiy 
in  vapours  of  confiderable  extent  or  tliicknefs,  by  the  a&ions  of  the  fucceeding  feries  of 
globules,  for  although  not  in  the  fame  plane,  bodies,  and  confequently  thefe  globules,  aft 
upon  the  light  pafling  between  them,  and  form  fringes.  Vide  Journal,  Obfervation  q» 
page8i. 

Thefe  principles  being  applied  to  explain  the  various  phenomena  of  lights  and  coloured 
circles,  exhibited  in  various  fituations  by  the  fun  and  moon  through  the  vapours  of  the 
atmofphere,  they  are  next  extended  to  all  fimilar  phenomena  obferved  round  other  lumi- 
nous objc&s  as  well  as  tbefq.  The  flames'  of  candles  and  lamps  feen  through  fteam,  through 
the  exhaufted  receiver,  through  thin  flocks  of  wool  or  cotton,  through  fluffs  of  cotton, 
linen,  filk,  or  wool,  through  the  glafies  of  coach  windows,  on  which  fmall  drops  of  water 
ate  precipitated  from  the  breath  of  the  inclofed  perfons,  are  furrounded  with  coronas  pro- 
duced in  a  fimilar  manner.  Tapers  are  feen  to  burn  blue  by  an  eye  charged  with  femi- 
peliucid  humours  arifing  from  injury,  watchfulnefs,  and  other  caufes  producing  rings  of 
colours,  fometimes  one  of  dufky  blueifh  green,  faintly  terminated  with  yellow  and  red  ; 
2nd  fometimes  a  fecond  of  dufky  green  and  red.  A  phenomenon  of  this  fort  occurred  to 
Des  Cartes.  A  hole  in  a  window  fliutter  will  alfo,  under  fimilar  circumftances,  produce 
fimilar  appearancts. 

Thefe  obfervations  are  ill  u  ft  rated  by  figures  of  reference,  and  may  further  be  confirmed 
by  viewing  a  candle  at  the  diftance  of  ten  feet  or  more  through  a  thin  flock  of  wool,  or  by,, 
breathing  on  a  pane  of  window-glafs,  and  looking  at  the  image  of  a  candle  reflected  ob- 
liquely from  the  glafs  through  the  precipitated  drops  of  moifture,  when  a  fingle  halo, 
cbmpofed  of  the  firft  order  of  colours  terminated  with  yellow  and  red,  will  be  diftinftly 
feen. 

All 
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All  the  circumftances  of  thefc  phenomena  being  thus  fully  confidered  and  explained, 
and  no  doubt  remaining  of  their  characters  and  caufes,  they  may  be  called  Irides  by 
Inflexion, 

A  general  View  of  the  Nature  and  ObjeEls  of  Chenrijlryy  and  of  its  Nature  and  Application  to 
Arts  and  Manufactures.  By  William  Henry  %  Member  of  the  Royal  Medical,  and  Natural 
Hjftory  Societies  of  Edinburgh  s  of  the  Chemical  Society  of  Jena  in  Saxony:  and  of  the  Literary 
and  Philofophical  Society  of  Mancheflcr.  O&avo,  44  Pages.     John  fan.     London. 

It  is  ufual  for  thofe  philofophers  who  undertake  to  explain  the  feveral  departments  of 
fcience  by  lectures,  to  publifh  a  fyllabus,  or  outline  of  their  fubjed  in  the  order  according 
to  which  they  propofe  to  treat  it.  Thefe  (hort  works,  if  drawn  out  with  ability,  are  not 
only  of  eminent  ufe  to  the  clafies  who  may  attend  the  lc&urer,  but  alfo  to  the  community 
at  large,  as  exhibitions  of  the  ftate  of  fcience,  and  admirable  helps  to  the  memory.  Some 
of  thefe  works  have  the  form  of  a  fyftematical  enumeration  :  others  that  of  a  regular 
difcourfe.  The  prefent  work  is  of  the  latter  kind,  and  prefents  an  elegant  and  comprc- 
henfive  view  of  the  objefts,  nature,  and  application,  of  chemical  fcience. 


Defcription  d'un  Telegraphe  tresfimple  et  a  la  portei  de  tout  le  Monde3  avec  une  Plancbe.     A 
Paris,  chez  PauUur^  rue  de  la  Libert},   No.  83.  Pluvoije  An.  8.  de  ritnprimerie  de  Fin- 
flitut  des  aveugles-trovaiJJeurt,  16  Pages  in  8vo.  Prix  8  sols. — Or,  a    Defcription  of  a 
veryftmple  Telegraph  f  prafticabU  by  any  Perfon  ••  with  an  Engraving. 

The  telegraph  propofed  by  this  author  is  the  human  body  :  the  arms  of  which  are  ca- 
pable of  forming  with  regard  to  each  other,  as  well  as  to  the  perpendicular  line  of  the 
trunk,  a  great  number  of  figures,  fuffictently  diftinft  to  be  eafily  feen  at  conGderable  dis- 
tances by  the  naked  eye,  or  with  a  telefcope.  The  author  developes  his  method,  and  the 
means  of  carrying  it  into  cfie&  *.  and  he  thinks,  that  in  this  manner  lines  of  moveable 
-telegraphs  may  be  formed,  which  may  become  very  ufeful  in  war,  to  keep  up  a  fpeedy  and 
conftant  communication  between  the  different  bodies  of  an  army,  or  between  the  fixed 
telegraphs  of  other  conftru£tions. 

This  memoir  is  part  of  a  larger  work  on  the  prefent  and  other  fubje&s  connected 

it,  which  will  hereafter  appear. 
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ARTICLE    I. 

*  ■  ■  »         ■ 

Defcription  of  a  neto  Method  of  extracting  Siher  from  Copper-Mat  by  means  of  Lead,  By 
which  the  Eliquation  of  Black-Copper  is  rendered  unneceffary.  By  the  late  Dr.  Gii**9 
Prof,  at  Halle  in  Saxony. 

JN  OTWITHSTANDING  the  confidence  progrefc  which  the  metallurgical  part  of 
fcientific  chemiftry  has  made  in  modern  times,  it  mud  be  allowed,  that  its  influence  on  tfte 
manipulations  in  the  (melting  works  has  hitherto  been  hut  of  little  importance,  and  that 
tnany  of  thefe  operations  are  carried  on  by  the  procefies  ufed  fcveral  centuries  ago ;  with  all 
the  errors  which  hare  been  discovered  by  fubfequent  improvements  in  chemical  knowledge. 
The  introdu&ion  of  the  prefent  procefs  of  eliquation,  was  indeed  a  material  and  great  improve- 
ment on  the  former  method  of  Separating  filver  from  copper,  by  which  the  copper-mat  f 
was  combined  with  lead,  and  {he  mafs  afterwards  fubje£ted  to  gradual  heat.    For  in  this 

*  Tranflated  from  Dr.  Seberer%s9  fucceflbr  to  Gren  in  the  profeflbrfhip  at  Halle,  General  Chemical  Joitrnal, 
Vol.  IV.  page  155.  . .      1 

t  Copper-mat  (Kupfer-rohftein)  is  the  produft  obtained  from  pyritout  copper-ores,  having  undergone 
the  firft  or  frude  fufion,  by  which  the  ftony  matriy  only  has  been  feparatcd,— Grit?*  Prmstphi  tf  Modern. 
Cktmiflrj,  §  1444.— Tranfl. 
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method,  the  requifite  or  precife  proportion  of  lead  to  copper,  was  totally  unknown.  As  in- 
genious,  howerer,  as  the  modern  eliquating  procefs  may  appear  in  a  chemical  view,  it  is 
ftill  in  its  own  nature  attended  with  many  confiderable  imperfections;  namely,  a  great  lofs 
of  time,  of  fuel,  and  efpecially  of  lead.  Thefe  imperfe&ions  are  inseparable  from  this 
procefs,  and  render  it  fo  very  expenfive,  as  to  be  totally  inapplicable  in  the  operations  with 
black  copper  #,  which  contains  lefs  than  four  ounces  of  Giver.  It  is  well  known  that  Bern 
has  recommended  the  amalgamation  of  the  copper-mat  as  a  more  advantageous  method  to 
extraft  its  filver.  But  even  though  the  amalgamating  procefs,  of  which  the  efficacy  and 
utility  is  manifeft  in  the  richer  filver  ores,  had  not  been  proved  by  experience  to  be  totally 
iinpra&icable  with  refpeQ  to  fuch  produ&s  as  contain  lefs  filver,  for  example  the  copper- 
mat;  yet  the  operation  is  rendered  precarious,  and  its  eftabliflimcnt  becomes  an  obje&  of 
rifque  from  the  circumftance,  that  the  material  requifire,  is  in  the  hands  of  a  pofiefTor, 
who  may  raife  its  price  at  his  own  arbitrary  choice. 

My  refearches  into  the  copper-mat,  and  its  condiment  parts,  as  well  as  a  more  accurate 
aetiology  of  the  whole  of  the  ufual  procefs,  of  extra&ing  from  it  the  copper  and  filver  in  a 
feparate  date  ;  together  with  the  inquiries  into  the  mutual  powers  of  chemical  attra£lion 
of  the  fulphur  and  the  metals  contained  in  it,  have  fuggefted  to  me  a  new  and  profitable 
method  of  feparating  the  filver  from  copper-mat  by  means  of  lead,  by  which  the  whole 
procefs  of  eliquating  the  black  copper  is  rendered  unnecefiary.  In  this  method,  not  only 
the  lofs  of  lead  by  oxidation,  which  renders  the  eliquating  procefs  fo  expenfive,  but  like- 
wife  all  the  other  charges  of  this  procefs  are  avoided  j  as  for  inftance,  thofe  of  the  building, 
and  the  requifite  furnaces  and  edifices,  the  neccflfary  fuel,  &c.  My  method  is  no  lefs  fim- 
ple  than  eafy ;  it  is  certain  and  cffe&ual  •,  and  (what  principally  recommends  it)  it  requires 
no  particular  edifice;  but  only  a  flight  alteration  in  the  form  of  the  ufual  furnace  with  a 
concave  floor  (Krum mo/en).  It  is  founded  on  invariable  chemical,  hydroftatic  principles ; 
and  is  found  to  be  pra&ically  applicable  and  efie&ual  in  all  the  experiments  which  I  have 
repeatedly  made  in  the  fmall  way,  and  which,  in  this  cafe,  cannot  but  be  the;  fame  as  thofe 
in  the  large  way* 

Principles  ,  on  which  the  new  Method  is  grounded. 

m 

i.  Copper-mat  confifts  of  fulphur,  copper,  iron,  and  filver;  fo  that  thefe  metals  are 
completely  diflblved  by  the  fulphur. 

a.  Sulphur  can  diflblvc  in  fufion  only  a  determinate  quantity  of  reguline  metals  previous 
lo  its  faturation. 

3.  Sulphur  has  a  ftronger  chemical  attraftion  for  iron,  than  for  copper,  lead,  attd  filver. 

4.  Sulphur  like  wife  attracts  copper  more  ftrongly,  than  lead  and  filver. 

5.  And  laftly,  the  chemical  affinity  of  fulphur  with  lead  is  greater,  than  its  affinity  with 

t  Bhuh  efftr  is  the  metal,  which  ic  obtained  by  a  ftcond  fufion  from  copper  ores.— Tranik 

a  Giver* 


ike  Sulphurous  one  if  Copper  by  Lead.  t/& 

Giver*    Hence  the  graduated  arrangement  of  the  chemical  attractions  of  fulphur,  with  re* 
fpeft  to  the  metals  mentioned,  is  as  follows : 

SULPHUR,  LEAD, 

IRON,  SILVER. 

COPPER, 

6.  When  the  fulphur  is  faturated  with  copper,  it  can  no  longer  difiblve  any  portion  of 
lead  and  filver. 

7.  Silver  and  lead  have  a  very  ftrong  chemical  attraction- for  each  other. 

Inferences  from  thefe  fundamental  Principles* 

From  thefe  aflertions,  unqueftionably  proved  by  experience,  it  follows,  that  if  copper-maty 
the  fulphur  of  which  (the  proportion  having  been  fo  much  altered  by  roafting,  as  to  be  fatu- 
rated with  copper,  is  made  to  be  penetrated  by  lead  in  fufion,  the  lead  mult  then  take  up  all 
the  filver  which  it  contains,  and  in  fuch  a  manner,  that  no  part  of  the  lead  can  be  diflblved 
by  the  fulphur  contained  in  the  copper-  mat. 

But  it  would  be  very  wrong  to  conclude,  that  the  filver  can  be  completely  extracted 
from  this  roafted  copper-mat,  merely  by  fubjeding  the  lead,  together  with  the  copper-mat 
to  .a  melting  hear.  For  the  lead,  on  account  of  its  eafier  fufibility,  would  melt  fooner  than 
the  copper-mat,  fink  down  to  the  hearth  of  the  furnace,  and, by  its  greater  fpecific  gravity 
always  remain  beneath  the  fufed  copper- mat;  and  confequently  it  would  deprive  this  laft 
of  its  filver  merely  at  the  fur  face,  with  which  it  is  in  contact,  and  no  farther.  If,  there* 
fore,  it  be  wi(bed  to  obtain  the  intended  objed,  it  will  be  neceflary  that  the  fluid  copper- 
mat  ihould  be  forced  to  rife  through  the  lead  in  fufion,  and  to  penetrate  it  entirely. 

It  is  on  this  circumftance,  that  the  characlcriftic  and  mod  eflential  part  of  my  new 
method  depends. 

It  confifts  in  the  management,  by  which  the  copper-mat  (duly  roafted,  and  in  which  the 
fulphur  is  faturated  with  the  copper)  is  made  to  rife  immediately,  and  during  its  fufion 
through  the  melted  lead.  I  might  call  this  new  method  an  amalgamation  of  fufed  copper-mat 
with  fufed  lead. 

The  poffibility  of  effecting  the  conditions,  requifite  for  this  purpofe,  appears  very  eafily 
from  hydroftatical  principles.— Let  the  fpace  of  the  outward  floor,  or  hearth  B,  Fig.  r. 
Plate  VIII.  be  connected  with  the  cavity  of  the  furnace  A,  by  means  of  a  hole  (a).  Now 
if  there  be  only  melted  lead  in  the  furnace,  it  will  (land  pn  the  outward  hearth,  equally  as 
high  as  in  the  furnace  itfelf.  Suppofe  its  horizontal  furface  to  be  as  maiked  (be);  then  if 
the  melted  copper-mat  in  the  interior  furnace  A,  which  is  of  lefs  fpecific  gravity,  be  above 
that  height,  it  will  rife  by  the  laws  of  the  equilibrium  in  the  outward  hearth  B. 

The  fecond  chief  condition  is  obtained,  by  an  eafy  management  of  the  fire  employed  to 
effe&  the  fufion.  This  melting  furnace  has  a  recurved  bottom,  and  is  provided  with  .an 
outward  hearth,  {Vorderheerd)  and  a  draining  hearth  [Stichheerd).  Its  eflential  form  of 
conftruttion  is  fufficicntly  (hewn  in  the  drawing,  before  referral  to.    In  this  manner  the 

U-2  hearth 


~*48 


[ftto  %Setho\t  jf<&rtfffi*gi9ik-erfrm 


health  of  theirurndcelirt  'p*Tt]y  within  and  partly  without ;  but  it  is  hot  neceffary,  that 
the  proje&ing  part  of  its  hearth  (hould  be  of  confiderable  breadth.  The  aperture  (a),  by 
which  the  exterior  part  df:the  furnace  communicates  with  the  interior,  (hould  be  placed 
immediately  above 'the  floor  or  bottom  of  the  hearth,  or  which  is  Ai.il-  better  in  that  bottom 
itfelf.  And  the  outer  hearth  of  the  furnace  (hould  have  an  jncifion  with  a  gutter,  through 
which  the  melted  copper*  mat;  rifing  above  the  lead  flows  off  continually,  and  is'colle&ed 
in  a  pot  (vortiegel)  placed  on  the  floor  of  the  fmelting-houfe.  There  is,  bcfides,  on  the 
fide  of  the  outward  hearth,  another  adjoining  hearth,  into  which  the  lead. of  the  former 
when  fufficiently  impregnated  with  Giver  rfiay  be  drawn  off,  to  be  afterwards  put  into  iron 
veflels.  The  moft  convenient  and  advantageous  dimenfions  of  thofe  hearths,'  efpecially  the 
.height  of  the  outward-hearth  from  the  floor  up  to  the  twyer  of  the  bellows,  can  indeed  be 
ascertained  by  experiments  only,  but  thefe  may  be  eafily  made  without  much  expence. 

In  order  to 'deprive  the  copper-mat  of  its  filver  by  means  of  lead  in  this  apparatus  of  the 
•furnace,  and  to  manage  the  fufion  properly,  it  is  required  that  the  proportion  of  the  (pe- 
cific  gravity  of  the  copper-mat  to  that  of  the  lead  (hould  be  known.  For,  as  this  procefs 
Ss  grounded  on  the  well  known  hydrbftatical  principle,  that  the  heights  of  two  fluids  of 
different  kinds,  placed  in  connected  tubes,  if  required  to  be  in  aquilibrio,  mult  be  to  each 
other  in  the  ihverfe  ratio ,of  their  fpecific  gravities,  it  is  evident,  that  the  melted  copper-mat 
in  the  furnace,  to  keep  the  equilibrium  with  the  fufed  lead  in  the  outward  hearth,  mull; 
form  a  column  propoftionably  fo  much  higher,  as  it  is  exceeded  by  the  lead  in  fpecific 
gravity.  It  is  therefore  from  the  fpecific  gravities  of  both  thefe  fubftances,  that  we  may 
find  how  far  diftant  the  twyer  mud  be  from  the  lowed  point  of  the  hearth,  and  to  what 
height  the  lead  may  be  fufTeredto  rife  in  the  outer  hearth,  with  caufing  the  fluid  copper* 
mat  to  enter  into  that  aperture.  The  fpecific  gravity  of  copper-mat  is  variable,  according 
to  the  different  degrees  of  its  roafting.  That  of  fufed  copper-mat  varies  from  4.66  after 
the  fecond;  roafting,  to  5*20  after  the  third  roafting'. 

But  for  the  fake  of  greater  fecurity,  the  lead  weight  only  (hould  in  this  cafe  be  aflumed 
as  a  ftandard.    The  fpecific  gravity  of  lead,  at  a  mean  rate,  is  1 1.35. 

From  thefe  data  it  is  obvious,  that  if  the  height  of  the  lead  in  the  outward  hearth  be^# 
inches,  the  copper-mat  m  the  interior  furnace,  to  be  equiponderant,  muft  Hand  fourteen, 
inches  and  one  half  high.— If  then  the  copper-mat,  rifing  through  the  lead  in  the  outward 
heafth,  covers  the  furface  of  this  laft  to  the  height  of  \  an  inch,  its  column  mud  likewife 
be  proportionally  higher  in  the  furnace,  and  confequently  reach  to  16  inches*  It  is  there- 
fore evident,  that,  when  the  lead  rifes  to  6  inches  height  in  the  outward  hearth,  the  dif- 
tanceof  the  twyer,  or  nozzle  of  the  bellows,  mud  amount  to  at  lead  18  or  20  inches  from 
the  lowed  point  of  the  hearth. 

According  to  the  above  dated  fpecific  gravity  of  lead,  one  Rhinland  cubic  *  foot  of  that 
metal  weighs  750  th.  Cologne  weight.    When  therefore  300  pounds  of  lead  are  employed 

•  The  Rhinland  foot  is  reckoned  at  11,396  Englifh  inches,  and  the  mark  of  Cologne  is  36x2  grains, 
whence  the  pound  will  be  71*4  grains,  of  about  half  an  dimce  more  than  our  avoirdupois  pound. — N. 

in 
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in  tbi6  operation^  their  ^volume  will  amount  to  760  -cubic -Rhirrlaijd  inches*  and -hence  if 
the , perpendicular  height  of  thefe  three  centners  of  lead  {hall  be  6  inches  in  ike  outward 
dearth,  it  follow^  that  the  breadth  of  this  hearth  muft  be  9  inches,  and  its  length  a  little 
more  than  14  inches. 

In  performing  the  procefs;  the  furnace  is  previoufly  heated  to  a  Sufficient  degree,  and.the 
lead  afterwards  introduced  on  the  outer  hearth;  becaufe  the  heat  is  there  fufficiontly  in- 
tenfe  to  fhfe  it.  Its  furface  is  feciired  againft  oxidation,  by  covering  it  with  powdered 
charcoal.  At  the  fame  time  the  furnace  is  charged  with  copper-mat,  and  the  requifite 
quantity  of  coals,'  and  the  fuGon  effected  by  a  clear  fire.  As  the  operation  proceeds  the 
lower  part  of  the  copper-mat  ifluing  from  the  furnace  through  the  aperture  (a),  and  rifing 
through  the  body  of  the  lead  to  ltd  furface,  is  farther  prevented  from  cooling,  by  means  of 
fome  pieces  of  burning  wood.  The  beft  and  mod  ufeful  proportion  .of  the  coal,  to  that  of 
the  copper-mat  in  this  fufion,  muft  tffe  determined  by  experience. 

The  copper-mat  being  now  deprived  of  its  portion  of  fiiver,  and  flowing  into  the  fore- 
pot  (vortiegel)  from  above  the  lead  in  the  outer  hearth,  is  once  more  roafted,  previous  to 
extruding  the  copper.  But  it  is' to  be  obferved,  that  by  this  method  of  diverting  if  of  its  fiiver, 
it  at  the  fame  time  undergoes  a  farther  roafting;  on  which  account  another  part  of  the 
expence  is  faved  in  my  procefs. 

In  the  management  of  this  procefs,  it  is  evident,  that  as  much  copper-mat  as  may  be 
.thought  fit,  can  be  decompofed  by  the  fame  individual  quantity  of  lead  \  and  accordingly* 
that  this  laft  may  be  impregnated  with  fiiver  at  pleafure  in  various  degrees.  It  is  not  ad- 
vifeable,  however,  to  alloy  the  lead  with  too  great  a  proportion  of  fiiver  j  becaufe  a  fmall 
lofs  of  the  compound  metal  would  then,  produce  a  more  confiderable  lofs  of  fiiver.  But  J 
mud  leave  this  to  the  judgment  of  the  artift,  and  to  future  experience. 

When  the  lead  is  to  be  runoff,  the  receiver  muft  be  firft  duly  heated,  and-thenthe 
tap  hole  opened.  The  whole  of  the  lead  is  thus  drawn  off  from  the  outer  hearth  of 
the  furnace,  and  its  furface  covered  with  chaTcoal-duft.  Frefh  lead  may  'then  be  again 
conveyed,  after  (topping  the  tap-bole,  into  the  outer  iiearth,  and&e  operation  continued 

lis  before. 

Whenever  the  furnace  requires  to  be  cooled  by  theblaft  of  the  bellows,  the  work  lead* 
is  firft  entirely  drawn  off  from  the  outer  hearth,  and  alfo  laded  but  of  the  draining  hearth^ 
after  which,  all  the  copper-mat  that  remains  in  the  outward  hearth,  and  in  the  furnace,  is 
fuffered  to  run  into  the  draining  hearth,  now  cleared  of  the  lead.  But  this  copper-mat, 
not  being  yet  deprived  of  the  fiiver  it  contains,  muft  be  added  at  the  next  charge  of  the 
furnace. 

The  lead,  which  is  thus  alloyed  with  fiiver,  is  at  hit  fubjeded  to  cupellation  in  the 
ufual  way.    The  litharge,  which  is  obtained  *in  this  operation,  the  metal  abforbed  in  by 


•  Work-lead,  or  lead  freed  from  copper,  and  mixed  with  fiiver  by.  the  operation*    See  Grpt%  ffbtifylti 
•fCbmiJtry,  §  1478,  i486.— Trail  A* 
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the  tefi  (heerd)  and  the  firfi  tvafle*  (abzug)  need  not  be  reduced  to  the  regufine  ftatc  by 
a  feparate  operation ;  becaufe  this  may  be  done  at  the  fame  time,  that  another  portion  of 
copper-mat  is  cleared  of  its  filver  by  firing  them  together  with  it.  But  as  this  perfeftkm 
of  any  art  can  only  be  obtained  by  experience,  and  difpatch  in  the  manipulations  can  be 
acquired  by  pradicc  alone,  it  will  be  found  neceffary,  even  in  this  inftance,  to  perform 
repeated  experiments,  for  the  purpofe  of  afcertaining  the  beft  dimenfions  of  the  parts  of 
the  furnace,  the  mod  fuitable  proportion  of  the  quantity  of  coals  to  be  employed,  and  the 
mod  advantageous  direction  of  the  bellows  pipe;  as  well  as  the  mod  convenient  regulation 
of  the  blaft,  and  the  moil  fuitable  proportion  of  the  copper-mat  to  the  lead  to  be  em- 
ployed in  this  procefs. 

The  advantages  afforded  by  my  method,  compared  with  thofe  refulting  from  the  pro- 
cefs of  eliquation,  are  evident.  No  lead  is  here  loft  by  combuftion,  becaufe  it  is  accurately 
coveted  by  the  copper-mat,  and  no  intenfe  heat  is  required,  becaufe  thefe  fubftances  are  of 
eafy  fufion.  A  much  fmaller  quantity  of  lead  is  alfo  fufficient  in  this  procefs,  than  in  that 
of  eliquation ;  perhaps  only  a  fifth  part,  or  dill  lefs;  whence,  upon  the  whole,  the  lofs  or 
wafte  of  lead,  including  the  cupellation,  is  considerably  lefs*  Be  fides  this,  my  procefs 
requires  but  little  expence  in  the  building  or  apparatus,  and  the  cxpences  of  fmelting  are  by 
this  means  in  part  compenfated  ;  feveral  fires  for  roafting  the  copper-mat  being  rendered 
urincceffary,  and  thus  faved.  From  this  diminution  of  expences  in  my  new  method,  fuch 
copper-mats  may  likewife  be  deprived  of  their  filver,  as  when  worked  into  black  copper  are 
fo  poor  in  filver,  as  not  to  repay  the  charges  of  eliquation. 

By  thefe  means*  therefore,  when  the  quantity  of  fufed  copper-mat  in  the  furnace  A  has 
fufficiently  increased,  it  will  reach  the  communicating  aperture  (a),  after  having  driven 
before  it  all  the  lead  into  the  outward-hearth.  LaftJy,  as  foon  as  the  copper-mat  has  ad- 
vanced to  beneath  the  furface  of  the  lead  in  the  outward-hearth  B,  it  will  rife  through  the 
lead  by  the  laws  of  hydroftatics,  and  penetrating  its  mafs,  will  place  itfelf  on  the 
furface  of  the  lead,  continually  accumulating  there,  until  having  reached  the  proper  height, 
it  can  nut  off  through  the  indentation  cut  in  the  rim  of  the  fore-hearth. 

In  this  fimple  manner,  therefore,  any  required  quantity  of  copper-mat  may,  by  repeated 
charging  of  the  furnace,  pafs  through  a  determined  quantity  of  lead ;  and  may  be  thus  de- 
prived of  its  filver  without  lofs  in  burned  lead,  and  the  lead  itfelf  may  at  pleafure  be  more 
or  lefs  impregnated  with  filver. 

Experiments  in  the  fmall  Way^  to  confirm  the  Succefs  of  this  Method. 

In  order  to  perform  thefe  operations  in  the  fmall  way,  as  well  to  confirm  the  theory 
and  pra£fice,  and  at  the  fame  time  to  difcover  a  method  of  making  the  neceffary  ex- 
periments which  might  enfure  correfpondent  performance  in  the  large  way,  I  proceeded 
iu  die  following  manner : 

•  Fitji  nvajle  is  the  droft  or  fcoria  formed  in  the  firft  part  of  the  operation,  when  the  cupelling  is  per- 
formed in  the  large  way  in  the  refitting  furnace*    See  Gren*$  Principles  of  Cbem.  $.  14S6. — Tranfl. 
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A  Heffian  crucible  muft  be  perforated  at  the  bottom,  and  both  its  internal  and  external 
furfaces  coated  with  charcoal-dud  and  loam*  This  crucible  is  then  placed  in  another 
calice-formed  crucible  (kelchtutte), "  or  into  a  black-lead  crucible,  properly  cut  for  that 
purpofe,  and  likewife  internally  coated  with  powdered  charcoal.  In  this  it  is  fattened  by 
means  of  a  wedge  made  of  clay,  in  fuch  a  manner  that  it  cannot  elevate'  itfelf  during  the 
experiment.  A  determinate  quantity  of  lead,  altogether  free  from  filver,  is  then  fufed  in 
.the  interior  crucible,  through  the  aperture  of  which  in  the  bottom  it  flows  into  the  exterior 
vcfiel.  The  quantity  of  lead  fliould  be  fufficient  to  occupy  part  of  the-  inner  crucible: 
And  to  protect  it  againft  oxydation,  its  furface  muft  be  covered  with  fome  powdered 
charcoal  in  both  veflelsr  Upon  this  fome  powdered  copper- mat,  that  has  undergone  the 
fecond  or  third  roafting,  is  introduced  into  the  inner  crucible,  and  melted  by  a  fire  fufli- 
ciently  ftrorig  and  brifk,  fo  that  it  may  flow  thin.  The  putting  in  of  frefh  copper-mat  is  to 
be  continued,  till  the  interior  crucible  can  hold  no  more,  when  in  thin  fufion.  The  fluid 
copper-mat  preflcs  the  fufed  lead  in  the  inner  crucible  through  its  aperture  at  bottom  into 
the  outer,  arid  at  lad  itfelf  follows,  and  rifes  up  through  the  lead,  and  giving  out  its 
portion  of  Giver  during  its  tranfition.  That  portion  only  of  copper-mat  which  remains  in 
.the  inner  veflcl.will  continue  to  preferve  its  Elver*  The  apparatus  is  then  fuffercd 
to  become  cold  without  agitation,  and  after  breaking  the  veffels,  the  whole  of  the  lead  and 
copper-mat  reding  upon  it  in  the  outer  crucible  are  to  be  collected,  feparating  them 
carefully  from  each  other,  and  cleaning  them  from  the  adhering  charcoal-duft.  Their 
weights  are  next  to  be  exactly  determined  ;  after  which  the  lead  is  aflayed  for  filter,  and  - 
'  the  copper-mat^  deprived  of  its  filver,  is  aflayed  for  copper.  A  calculation  may  be  made 
from  the  refults  of  the  quantity  of  filver  obtainable  from  a  certain  deteiminate  quan- 
tity of  copper. 

If  the  copper-mat  has  not  been  duly  roafted,  and,  confequently,  ftill  contains  too  much 

fulphur,  it  will  diflblve  a  portion  of  filver  in  this  procefs,  and  a  lofs  will  be  obferved  in  the 

*  remaining  lead,  which  will  be  greater  in  proportion  as  the  fulphur  in  the  copper-mat  is 

.  lefs  faturated  with  copper.     But  if  the  copper-mat,  by  too  much  roafting,  has  been  ' 

.  brought  below  the  point  of  faturation  of  the  fulphur  with  the  copper,  part  of  the  copper 

will  then  feparate  during  the  fufion,  and,  mixing  with  the  lead,,  will  occafion  an  increafe 

of  weight. 

On  making  experiments  with  the  copper-mat  from  Rotbenburg%  I  found  that,  a  mixture 
of  that  which  had  fuftained  the  third  roafting  beat,,  with  an  equal  portion  of  that  which 
had  been  fubje&ed  to  the  fecond  roafting,  was  the  be  ft  fuited,  and  of  fuch  a  quality,,  that 
the  effecT:  was  quite  fatisfa&ory. 

Out  of  many  different  experiments,  which  I  have  made  in  order  to  put -my  method  to 
trial,  and  which  afforded  very  uniform  refults*.  I  fhall  in  this  place  give  an  account  only 
of  the  laft  I  have  made. 

Copper-mat  from  Rothenburg,  mixed  in  equal  parts  of  that  of  the  fecond  with  that  1  of: 
the  third  roaming,  was  made  to  pafs,  in  the  manner,  above,  explained,,  through  .24rcentners 

of, 
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t>$  taxd.  The  lead  was  again  recovered  with  an  incwafe  of  weight*  net  ye*  fdHyr  amount- 
fag  to  a  £*r  <w»fc  The.  wrklead  contained  in  the  centner  fowotacea*  -iffy  draclmfe  df 
Cite*  and  hence  in< the  whole  5 1  ounces>  and  one  and  TV  drachm.  The  whole  quantity  of 
€htf  copper-mat,  divefted  of  its  filver,  in.  this  operation,  by  means  of  lead,  amounted  to 
9.  centners  of  Mack  copper ;  hence  one  centner  of  black  qopper  at  a  10  lb.  yielded  5  owwa$ 
5  aiti  ^V  drachms  of  fflver.  When  the  copper,  obtained  from  this,  copper*  mat,  was 
€Xie0A&e&\  it  was  rosmd  to  contain  no  mom  than  3^  dmchmg,  of  filver*  and,  therefore,  left 
thaw,  i&  ufiratty  the  cafe  with  eHquated  copper.  .  • 

A  mort  minute  Explanation  9 f  this  Pruefi,  as  performed  in  the  larg/t  Way. 

Two  conditions  are  eflenfcially  requisite  to  the  management  of  thi&  ptoccft.  (1)  The 
copper- mat  mult  have  been  roafted  in  the  due  degree,  (a)  The  melting- furnace  jnuft 
font  been  fo  conftru&ed,  that  the  copper-mat,  while  in  fufion,  may  be  enabled  to  pafs 
through  dfc  body;  of  the  melted  lead. 

The  neceffity  of  the  firft  condition  is  evident  from  what  has  been  already  faid ;  namely, 
that  when  the  copper-mat  ftill  contains  too  large  a  portion  of  fulphur  not  Saturated  with 
that  metal,  part  of  the  lead  Will  be  dJUToived  by  the  fulphor  during  the  fufion,  and  an 
irrecoverable  lofs  will  be  thud  occafioned.  On  the  contrary,  when  the  copper-mat  has 
btftti  too  ftrongly  roafted,  it  then  no  longer,  contains  a  quantity  of  fulphur  fpfficient  to 
hold  all  the;  copper  in  foldtioru  Part  of  the  latter  will,  therefore,  feparate,  and  unite  with 
the  lead.  But  it  is  better  to  fall  into  the  laft  error  than  die  firft ;  becaufe  the  copper  can 
btf  again  recovered,  when,  as  nntft  be  done  of  courfc,  the  Kcorise  and  litharge  produced  in 
the  reftfting  of  the  lead  impregnated  with-  copper,  together  with  the  metal  imbibed  by  the 
afhes  of  the  teft,  are  again  reduced  to  the  reguline  ftate ;  in  which  ftate  they  are  conveyed 
*g*in  into  the  furnace  with  a  copper-mat  left' roafted.  The  fulphur  of  this  laft  again 
feparate*  the  copper  from  the  reduced  lead*  But  for  the  acoomplifltment  of  this  condition 
k  is  neceffary,  that  by  fmall  experiments,  eafy  to  be  made,  and  in  the  manner  indicated, 
it  fliould  be  firft  afcertained,  what  degree  of  toafting  of  the  copper-mat  may  be  the  moft 
frutable  to  the  operation.  And  with  this  view  the  portion  to  be  f«bje£ted  to  the  trial 
fliould  be  fo  managed,  that  an  uniform  degree  of  reading,  may  he  kept  up.  According  to 
tny  experiments  in  the  fmall  way,  it  feems,  that  copper-mat,  which  has  been  roafted  the 
third  time  in  the  ufiial  manner,  and  has  once  more  pafled  by  itfelf  through  the  melting 
furnace,  is  apparently  the  beft .  qualified  for  this  purpofe,  if  pure  lead  be  made  ufe  of 
:fal  divefting  k  of  its  filver.  For  though  this  laft  fliould  happen  to  take  up  fome  of  copper 
in  the  procefs,  yet  the  copper  may  be  recovered  from  it,  by  adding  copper*- mat  of  the 
fecOA^  voafting  to  the  Ktharge,  with  the  firft  wafte-and  metallic  portion  abforbed  by  the 
teft  at  tbe  time  when  thefe  produ&s  of  the  refinery  are  afterwards  reduced. 

We  fee,  therefore,  that  my  method  faves:  (1)  The  expences  of  building  and  maintain* 
ing  thehoufc  appropriated  to  the  procefs  of  eliquation  j  (2)  The  wages  expended  on  this 
vocountg  (3)  The  additional  charges &x  the  fuel  in  the  operations  of  clkjuating,  fecond 

.  .•...-..  ^liquating 
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diquating  (darren)*  and  melting  the  lead  with  the  black-copper,  in  which  it  is  contained  ; 
(4)  All  the  k>fs  of  lead,  occafioned  by  its  fufion  with  the  copper  at  its  cliquation,  its  re* 
fining,  and  the  fcratch-work  with  the  brufh  in  cleaning;  (5)  Likewife  the  lofs  of  lead 
poor  in  Giver,  which  is  obtained  by  eliquation  from  copper,  and  ought  not  to  be  enriched 
with  filycr  in  that  degree,  as  may  be  done  according  to  my  method.  And  if  it  fhould  be 
found  advifeable  to  refine  the  wort -lead  dire&ly  in  the  fmelting  houfe,  there  would  then 
(6)  be  faved  the  charges  of  tranfporting  the  black  copper  to  the  houfe,  in  which  it  is 

« 

to  be  eliquated. 

To  this  may  be  added,  that  by  my  method  of  proceeding  the  quality  ot  the  copper  is 
improved,  which  is  always  the  chief  objeft  of  the  fmelting  houfe.  The  copper  obtained 
by  eliquation  is  well  known  to  contain  lead,  and  this  proportion  of  lead  imparts  to  it  a 
noxious  property,  diminrflies  its  du&ility,  and  even  that  of  the  brafs,  prepared  from  it. 
This  contamination  of  the  copper  with  lead  cannot  take  place  in  my  procefs;.  becaufe  by 
that  management  no  lead  can  combine  with  the  copper  of  the  copper* mat  made  ufe  of, 
when  the  fulphur  of  this  laft  has  been  fufficiently  diminifhed  in  its  quantity  by  the 
roafting. 


II. 

Obfervations  on  thi  Proofs  of  the  Huttonian  Theory  of  the  Earthy  adduced  by  Sir  James 
Hall>  Bart.    By  R.  Kirwan,  Esq.     Communicated  by  the  Author. 

(Concluded  from  page  102.) 
EXPERIMENT   THE   FIRST. 

VJRUNSTEN,  a  compound  of  felfpar  and  hornblend  intimately  mixed  with  each 
other,  was  the  fubje£t  of  this  experiment. 

Its  colour y  black,  or  greenifh  black,  intermixed  with  pale  reddifli  brown ;  both  the 
felfpar  and   hornblend   imperfeftly   and  confufedly  cryftalized  in   minute  grains;   the 

frafture  partly  ftriated  and  partly  foliated.     Luftre  moderate  :  its  hardnefs  7,  or  almoft  8. 

.Gives  an  earthy  fmell  when  breathed  upon,  and  frequently  contains  fmall  fpecks  of 
pyrites.     Ibid.  p.  7. 

This  fubftance  he  vitrified  by  a  ftrong  heat  and  fubfequent  rapid  cooling,  p.  9.  A  frag- 
ment of  the  glafs  thus  produced  being  introduced'  under  a  narrow  muffle,  and  heated  to 
2i.  in  one  minute  became  fo  foft  as  to  yield  readily  to  the  preffure  of  an  iron  rod,  but  after 
a  fecond  minute  it  became  quite  hard,  though  the  temperature  had  been  ftationary.  The 
fubftance  thus  hardened  underwent  a  thorough  change,  it  loft  its  vitreous  character,  its 
frafturc  was  like  that  of  porcelain  (that  is  even)  and  it  was  fufible  only  in  a  heat  of  31. 

page  11. 
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In  another  experiment,  ibid*  he  found  this  change  to  take  place  even  before  the  glafs 
%  Was  in  perfe&  fufion.  For  while  both  ends  of  a  fragment  t>f  this  glafs  were  fupportcd 
on  refts  of  clay,  it  was  found  not  to  fink  down  between  them  until  the  heat  was  raifed  to 
30.  In  another  experiment  he  found  the  confolidation,  which  he  (improperly,  as  I  think) 
calls  cryftalization,  to  take  place  even  while  the  heat  was  gradually  increafed,  and  the 
fubftancc  ftill  fo  vifcid  as  to  retain  the  original  fliapc  of  the  fragments. 

In  another  experiment,  where  the  glafs  was  flowly  cooled,  its  texture  was  found  com- 
pleatly  to  refemble  that  of  whinftone,  the  fraEture  was  rough,  Jlon%  and  crjftaline9  with  a 
number  of  fliining  facettcs  interfperfed  through  the  mafs,  aftd  a  few  cryftals  in  the  cavities 
produced  by  air  bubbles,  p.  8. 

Thefe  experiments  may  be  confidered  in  two  points  of  view  \  firft,  with  refpe&  to 
phenomena  of  confolidation  in  a  heat  either  gradually  increafed  above,  or  gradually  dimi* 
nMhed  belaw  the  heat  neceflary  to.foften  the  vitreous  fubftance,  the  lofs  of  the  vitreous 
chara&er,  and  the  ftony  appearance,  aflumed  through  flow  refrigeration. 

And,  in  the  fecond  place,  we  may  examine  how  far  the  phenomena  here  obferved  tend 
to  countenance  the  Huttonian  theory  either  of  the  formation  of  granite,  trap,  or  bafalt,  or 
other  ftony  fubftances  :  in  this  refpedl  only  it  concerns  me  to  examine  thefc  experiments, 
yet  I  cannot  forbear  mentioning  fome  few  reflections  on  the  firft. 

It  has  been  obferved  by  all  thofe  who  have  attended  to  the  formation  of  common  glafs 
(and  is,  indeed,  evident  from  the  fumes  that  float  over  its  furface)  that  from  the  inftant 
it  enters  into  fufion,  it  is  in  a  conftant  ftate  of  decompofition,  gradually  becomes  lefs 
fuGble,  and  increafes  in  denfity ;  the  fubftances  that  thus  efcape  are,  in  this  cafe,  the  faline, 
as  Bofc  D* Antic  has  (hewn,  and  Macquer  alfo  aflerts.  See  1  Bofc  D* Antic,  10,  and  242, 
213.  and  hence  the  lofs  of  weight  which  gas  thus  fuffers,  ibid.  220,  and  4  Macquer  261. 
Macquer  alfo  obferved,  that  glafs  kept  too  long  in  fufion  loofes  its  tranfparency,  and 
becomes  opaque,  becaufe  the  flux  evaporates.  And  he  obferves,  that  glades  formed  of 
argill,  lime,  and  gypfum,  are  particularly  fubjeft  to  this  accident.  La  voider  noticed  the 
fame  phenomenon  during  the  fufion  of  felfpar  even  by  oxygen  air,  namely,  that  the  longer 
it  was  kept  in  fufion,  the  more  infafible  it  became.  Mem.  Par.  1783,  p.  577,  which  he 
imputed  to  the  volatility  of  one  of  fome  or  other  of  its  ingredients.  And  he  afterwards 
found  occafibn  to  extend  the  fame  remark  to  fteatites,  and  alfo  to  a  mixture  of  equal  parts 
of  quarts  and  calcareous  fpar.  This  increafed  in  fufibility  of  certain  fubftances  by  a  gra* 
dually  increafed  or  continued  heat,  is  not,  therefore,  a  new  difcovery  having  been  already 
noticed :  but  Sir  James  Hall  has  confiderably  enlarged  it,  by  (hewing  that  the  (tones  he 
operated  upon  had  re- aflumed  their  ftony  appearance,  after  having  been  in  a  vitreous  ftate  ; 
this  appearance,  if  I  underftand  him  rightly,  they  have  aflumed  only  in  confequence  of 
flow  cooling,  and  not  merely  by  a  heat  either  ftationary  or  gradually  increafed ;  confolida* 
tion  only  being  the  effeffc  of  fuch  treatment. 

This  confolidation  Sir  James  calls'  cryfta/izationy  a  term  which  feems  to  me  highly  im- 
proper ;  for,  according  to  every  fenfe  in  which  this  term  has  ever  been  employed,  whether 
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that  operation  was  perfe&  or  confufed,  it  denotes  at  lead  an  union  of  particles  previoufly 
difperfed  through  a  liquid  medium,  they  muft,  therefore,  be  at  liberty  to  move  through 
this  medium  in  order  to  coalefce,  and  re-unite  to  each  other  (if  both  they  and  the  medium 
itfclf  coalefce  and  confolidate),  this  a&ion  is  called  coagulation,  as  happens  in  what  was 
called  offa  Helmontii,  and  the  jelly  formed  by  the  liquor  ftlicum  \  but  in  Sir  James's  ex- 
periment1 we  find  the  confolidation  to  take  place  in  a  fragment  of  glafs,  which  (till  retained 
its  foli4  ftate,  and,  confequently,  the  particles  were  not  at  liberty  to  more  towards  each 
other.  This  confolidation  muft,  therefore,  evidently  have  arifen  from  fome  internal 
;change  in  the  conftitution  of  the  glaffes  in  which  it  was  obferved.  What  thefe  changes 
may  have  been  I  (hall  now  examine. 

In  the  firft  place,  it  is  highly  probable  that  filex,  argil,  and  lime,  and  flightly  oxygenated 
calx  of  iron,  whatever  be  their  affinity  to  each  other  when  duly  proportioned,  require, 
like  all  folids,  to  abforb  in  their  paflage  to  a  liquid  ftate  a  certain  portion  of  latent  heat ; 
but  when  in  fufion,  and  the  particles  of  each  chemically  united,  they  require  a  higher  de- 
gree of  heat  to  keep  them  in  fufion ;  their  ele&ive  affinities  promoting  fufion  before  the 
union,  and  impeding  it  after  the  union  is  formed ;  it  is  thus  that  iron  and  platina,  metals 
feparatcly  highly  infufible,  contribute  to  each  others  fufion;  but  when  fufed,  become  ftill 
more  infufible,  as  appears  by  Rinm.  $.  135.  Sulphur  and  lead  are  feparatcly  and  eafily 
fufible,  but  when  united,  their  fufion  becomes  much  more  difficult.  Again,  Dr.  Kennedy 
has  difcovered  that  all  thefe  whins  contain  to  per  cent,  foda ;  and  Vauquelin  has  lately 
*  difcovered  tartarin  in  felfpar :  in  the  high  heats  to  which  thefe  (tones  are  expofed  in  order 
to  vitrify  them,  may  it  not  be  fuppofed  that  thefe  falts  are,  in  fome  meafure,  volatized,  and 
the  compounds  thus  rendered  lefs  fufible?  Though  in  an  high  heat  rapidly  produced,  they 
may  ftill  be  fufible  as  a  fmaller  proportion  of  foda  will  in  that  circumftance  fufficc  to 
that  efFeft. 

The  next  circumftance  to  be  accounted  for,  is  the  faxification  or  Jlony  appearance 
aflumed  by  the  vitrified  (tones  when  (lowly  cooled,  by  far  the  mod  curious  fa£t,  for  which 
we  are  indebted  to  the  ingenuity  of  Sir  James.  To  account  for  this  change,  it  is  proper  to 
remark,  that  though  whins  are  faid  to  be  vitrified  in  a  high  degree  of  heat,  yet  this  is  not 
rigoroufly  true,  for  in  that  cafe  they  fhould  afford  a  tranfparent  glafs,  whofe  fra&ure  would 
be  perfectly  polifhed  with  a  ftrong  luftre,  as  we  fee  that  of  common  glafs,  whereas,  in 
truth,  they  melt  only  into  an  enamel^  nearly  approaching  ti  the  perfect  vitreous  ftate :  even 
the  bottles  made  of  them  are  nothing  more ;  and  hence  their  fuperior  hardnefs.  Their 
ingredients,  therefore,  are  not  uniformly  diffufed  through  their  whole  mafs,  but  lie  in  the 
fame  order  and  pofition  as  before  fufion,  and  in  effeft  they  contain  much  more  filex  than 
can  be  compleatly  vitrified  by  the  fmall  proportion  of  lime  and  argill  that  enter  into  their 
competition,  even  though  affifted  by  the  foda  \  and  in  the  next  place  we  muft  notice,  that 
the  affinity  of  foda  to  filex  diminifhes  in  the  fame  ratio  as  the  heat  diminifhes,  and,  con-* 
fequently,  they  feparate,  if  the  heat  be  not  fo  fuddenly  diminithed  as  to  impede  all  motion. 
This  is  evident  by  what  happens  to  common  glafs  when  (lowly  cooled  down  to  the  tern* 
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perature  of  the  atmofphere,  as  came  to  pafs  in  the  Glafs  Koufe  at  Leith,  and  conformably' 
to  this  in  (lance  the  faxification  might  take  place  even  after  a  perfect  vitrefa&ion ;— .that  there 
are  unions  grounded  on  chymical  affinity,  which  take  place  to  a  certain  degree  only  at  cer- 
tain temperatures,  and  are  in  great  meafure  loofened  at  a  lower  temperature,  appears  in 
the  common  inftance  of  the  folution  of  mod  falts  in  water,  fpirit  of  wine,. or  other  men- 
ftruums,  greater  in  a  high  degree  of  heat  than  at  a  lower,  and  has  alfo  been  noticed  in  the 
fufion  of  gold  in  a  mafs  of  filver,  for  if  the  filver  be  very  gradually  cooled,  the  gold  will 
feparate  from  it,  as  Homberg  obferved,  Mem.  Far.  1713* 

Now  the  affinity  of  (ilex  to  the  alkali  being  loofened  by  a  flight  diminution  of  heat,  the 
affinity  of  argill  to  the  filex  to  which  it  united  only  as  to  a  compound  in  the  given  tempera- 
ture, is  alfo  neceffarily  loofened  \  that  in  the  dry  way  argill  unites  to  (ilex  in  temperatures 
below  1 500,  only  in  confequence  of  the  previous  union  of  the  filex  to  the- alkali,  is  clearly 
deduced  from  this  fa&,  that  if  the  alkali  be  abfent,  the  union  will  not  take  place  in  tem- 
peratures below  150,  whereas  it  take3  place  by  Sir  James's  own  experiment,  at  tempera- 
tures below  100,  when  the  alkali  is  prefent;  for  he  found  the  whins  fufible  at  550.  It  is 
true  the  whins  contain  lime  alfo,  but  though  the  prefence  of  a  certain  proportion  of  lime 
contributes  materially  to  the  fufibility  of  (ilex  and  argill,  yet  it  would  be  ineffectual  in  de- 
grees of  heat  below  1200,  if  an  alkali  were  not  prefent  to  affift  it,  as  I  kqow  by  experience. 

The  prefence  of  argill  contributes  alfo  to  the  diminution  of  the  affinity  of  the  alkali  to  the 
filiceous  ingredients,  as  the  alkali  feems  to  have  nearly  as  ftrong  an  affinity  (fome  think 
ftronger)  to  argill  as  to  filex ;  hence  it  is,  that  all  analyfts  fince  Bergman's  time  employ  an 
alkali  to  loofen  the  intimate  union  of  Alex  and  argill  in  precious  (tones* 

Thofe  fads  being  duly  confidered,  we  (hall  not  be  furprized  at  feeing  the  clofe  vitreous 
texture  deftroyed  by  the  (low  cooling  of  melted  whins,  (all  of  which  contain  the  above  in- 
gredients) and  fucceeded  by  the  loofer  texture  of  a  mere  ftony  fubftance.  This  is  the  only 
change  that  takes  place,  if  we  except  the  minute  and  indeterminate  cryftalizations  that 
occur  in  the  cavities  formed  by  the  expulfion  of  air,  while  the  mafs  was  as  yet  foft ;  for 
the  facettes  interfperfed  through  the  (tone  cannot  be  accounted  cryftals,  but  only  the  ru- 
diments of  cryftalization.  Thefe  are  formed  at  the  inflant  the  affinity  of  the  alkali  is  lef- 
fened,  and  the  earths  begin  to  aflume  their  folid  ftatc.  The  alkali  being  as  yet  liquid} 
allows  the  earthy  particles  to  move  through  it,  and  to  form  thefe  incipient  cryftalizations.. 

We  are  now  to  examine  hov£  far  the  (tony  (tru&ure  afiumed  through  (low  refrigeration, 
by  (tones  previoufly  fufed,  tends  to  afford  any  fupport  to  the  Huttonian  theory.  In  my 
opinion  it  affords  none  at  all ;  the  utmoft  effect  it  can  produce  in  an  unprejudiced  mind,  is 
to  render  the  origin  of  whins  ambiguous,  by  making  them  aflume  the  appearance  of  a 
Neptunian  origin,  when  in  fa£t  they  owe  it  to  fuGqn;  but  it  is  only  an  appearance,  for 
natural  whins  are  accompanied  withcircumftances,  and  contain  fubftances  which  contradict 
-that  appearance,  and  prove  it  to  be  deceitful.  Befides,  thefe  experiments  have  no  relation 
whatfoever  to  granite,  or  calcareous  mafles,  which  form  the  bulk  of  the  globe,  and  afford 
4  not 
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not  the  flighted  indication  of  their  origin;  whins,  though  they  abound  in  Scotland,  and 
fome  other  countries,  are,  in  comparifon  of  the  former,  but  thinly  fcattered  over  the  far- 
face  of  the  globe.  Some  refemblance  betwixt  them  and  lavas  has  been  long'  noticed.  I 
(hall  now  briefly  mention  a  few  of  the  difcriminating  chara&ers  of  the  artificial  and  natu- 
ral whins,  which  may  in  mod  cafes  prevent  us  from  confounding  them,  or  afcribing  to 
them  a  common  origin. 

.  i.  The  natural  whins,  particularly  Amygdaloides  (vulgarly  called  Toadftones)  frequently 
contain  calcareous  fpar  and  zeolyte;  now  as  the  former  contains  fixed  air,  and  the  latter  a 
notable  proportion  of  water,  I  hardly  think  Sir  James,  who  profefles  not  to  agree  with 
Dr.  Hutton  in  all  points,  will  allow  thefe  to  have  been  vitrified  or  fufed. 

2.  The  natural  whins,  according  to  Dr.  Kennedy's  ftatement,  lofe  5  per  cent,  of  water, 
and  other  volatile  matter,  when  heated  to  rednefs.  It  is  not  faid,  whether  the  artificial 
lofe  any  part  of  their  weight  by  fuch  treatment  \  but  it  is  plain  they  would  not,  fince  even 
the  lavas  of  Catania  and  Piedmonte,  though  of  ancient  date,  loft  none,  as  Dr.  Kennedy 
exprefsly  notices,  and  has  thus  afforded  an  excellent  criterion  for  diftinguifliing  the  long 
contefted  origination  of  thofe  fubflances. 

3.  As  Sir  James  has  negle&ed  giving  a  compleat  account  of  the  external  chara£ters  of  the 
natural  whins,  which  were  the  fubjedt  of  his  experiments,  as  alfo  of  the  regenerated,  or 
artificial  whips  derived  from  them ;  and  as  I  have  not  myfelf  feen  them,  it  is  difficult  for 
me  to  compare  them  with  each  other,  and  would,  indeed,  be  impoflible,  if  fome  account 
of  them  had  not  been  given  by  Mr.  Piftet,  in  his  valuable  Journal  Britannique^  copied  into 
the  5th  Vol.  of  the  new  Rozicr's  Journal,  p.  313.  It  is  the  refult  of  the  examination 
both  of  the  natural  and  artificial  whins  by  the  Society  of  Natural  Hiftory  at  Geneva. 

As  to  the  grunftein,  No.  1.  they  remark,  that  it  betrays  not  the  lead  mark  of  an  igneous 
origin,  hut  that  the  whins  which  Sir  James  produced  from  it,,  had  every  diftin&ive  cha- 
rafter  of  a  lava,  and  even  of  a  porous  lava. 

-The  Bafalt  (or  rather  Trapp)  on  which  the  Gaftle  of  Edinburgh  (lands,  is  of  a  compa& 
ftru&ure  \  the  artificial  produced  from  it,  Sir  James  tells  us,  fo  greatly  refembles.  it  both 
in  colour  and  texture,  that  it  would  be  difficult,  or  perhaps  impoflible,  to  diftinguifh  them, 
but  for  a  few  minute  air  bubbles,  diftinguijbable  in  the  artificial.  Neptunifts  will,  however, 
conGder  this  as  a  leading  chara£ter  of  diftin&ion.  The  mineralogifts  of  Geneva  add,  that 
the  colour  of  the  artificial  is  deeper,  and  its  hardnefs  greater,  than  that  of  the  natural. 
H  the  fpecific  gravity,  and  other  chara&ers  of  both  were  given,  it  is  probable  that  other 
differences  might  be  perceived.  It  is  only  in  thefe  chara&ers  that  any*  difference  can  be 
expe&cd,  as  the  internal  compofition  muft  be  the  fame  in  both. 

Of  the  remaining  artificial  whins  I  can  give  no  account,  their  external  chara&ers  having 
been  omitted  5  I  cannot,  however,  pafs  over  the  general  inferences  that  Sir  James  deduces 
from  his  experiments,  namely,  that  "  the  arguments  againft  the  fubterraneous  fufion  of 
a  whinftone,  derived  from  its  ftony  chara&er,  feem  now  to  be  fully  refuted,"  for  not  to 
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repeat  what  has  been  already  faid,  that  many  of  them  contain  fubftances  whofe  exiftence  it 
incompatible  with  that  hypothefis,  I  muft  farther  add,  that  the  upright  (late  in  which  many 
cf  them  exift,  for  infttnce  the  bafaltic  pillars  of  Staffa,  and  of  the  Giant's  Caufeway,  and 
of  many  other  countries,  the  bafis  they  reft  on,  fometimes  granite,  fometimes  gneifs, 
fometimes  coal  or  limeftone,  and  the  total  abfence  of  all  figns  of  the  operation  of  fire,  for* 
bid  us  to  entertain  any  doubt  of  their  production  in  the  moid:  way.  Nay,  the  College  of 
Dublin  now  pofleffes  fragments  of  bafaltic  pillars,  in  which  marine  (hells  are  imbedded  j 
if  fuch  evidence  can  be  cefifted,  it  is  in  vain  to  feek  for  greater. 

Sir  James  thinks  the  caufe  of  the  fluidity  of  lavas,  which  I  formerly  fuggefted,  at 
ftrange  and  inconceivable  as  that  of  Citizen  Dolomieu.  Not  having  had  the  happinefs  of 
viewing  thofe  ftupendous  torrents,  I  founded  my  opinion  on  the  accounts  given  by  the 
moft  accurate  obfervers,  and  particularly  of  C.  Dolomieu,  who  beheld,  and  carefully 
examined,  every  circumftance  relating  to  them  for  many  years.  This  great  obferver  has 
not  thought  my  opinion  fo  inconceivable,  for  he  has  (ince  embraced  it.  "  From  the  manner" 
(fays  he)  "  in  which  lavas  flow,  it  cannot  be  doubted,  but  they  carry  with  them  a  fub- 
"  fiance  capable  of  maintaining  their  heat  and  fluidity,  and  contain  a  fubftance  which 
"  burns  in  conta£fc  with  the  atmofphere  until  it  is  confumed.  This  fubftance,  of  which 
"  fulphur  is  at  lead  one  of  the  principal  ingredients,  if  it  be  not  the  only  one,  bears  a 
' "  ftrong  refemblance  in  its  conftitution  to  phofphorus,  being  capable  of  two  forts  of  com* 
11  bullion.  This  combuftion  feems  capable  of  maintaining  fluidity  in  a  bed  of  lava,  &c»" 
I  New  Rozier's  Journ.  p.  119  &  120. 

Sir  James  fays,  I  have  fuppofed  fubftances  that  have  left  no  trace  of  their  exiftence. 
Other  obfervers',  however,  difcovered  thdc  traces,  as  Dolomieu  and  Fabroni,  in  the  paf- 
fages  I  have  already  quoted.  Mineralogy,  Vol.  I.  p.  397,  and  1  New  Roz.  p.  120,  121. 
It  is  not  to  be  expe&cd  that  volatile  fubftances,  fuch  as  fulphur  and  petrol,  fhould  long 
remain.  However,  I  acknowledge  that  the  caufe  of  the  ftony  appearance  which  lavas  after 
cooling  exhibit,  difcovered  by  Sir  James,  appears  to  me  at  prefent  by  far  the  moft  probable; 
and  that  in  this  refpeft  his  difcovery  is  of  great  importance  to  geology.  But  I  perfift  in 
thinking,  his  experiments  afford  no  conformation  of  the  high  degrees  of  heat  attributed  to 
volcanos,  and  ftill  lefs  to  the  many  hypothefes  gratoitpufly  heaped  on  each  other  by  Dr. 
Huttbn,'  or  to  the  volcanic  origin  of  whins  ot  traps,  for  the  rcafons  already  afligned. 
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III. 
On  the,  Genuitunefs  and  Purity  of  Drugs  and  Medicines.    By  Mr.  Fred.  Agqvm. 

( Continued  from  page  $6.) 

METALS   ANn  METALLIC  SUBSTANCES. 

Mercury.  \  ^lickfilver. — Ph.  L. 


T 


HE  property  which  mercury  poflefles  of  readily  uniting  with  mod  of  the  metals,  with- 
out fuffering  any  material  change  in  its  obvious  properties,  induces  fraudulent  dealers  to 
adulterate  this  article  with  lead,  tin,  &c.  If  thefe  metals  are  prefent  in  any  confiderable 
quantity,  the  mercury  will  have  a  dull  afpe£t,  and  will  not  run  freely  into  round  globules, 
but  when  gently  moved,  it  forms  vermicular  ftriae,  ar  tears.  When  agitated  in  a  bottle, 
it  foon  becomes  black,  the  lead  and  tin  becoming  oxidated,  and  may  thus  be  Separated,  as 
has  been  noticed  in  the  Philofophical  Journal  I.  But  as  thefe  metals  aire  fo  cafily  dete&ed, 
and  can  only  be  added  in  a  comparatively  fmall  quantity,  the  dealers  in  this  article  have 

,  recourfe  to  other  pra&ices.  It  is  a  fa£t,  that  bifmuth  and  zinc  remarkably  favor  the  union 
of  lead  with  this  metallic  fluid,  and  that  even  tin  may  then  be  added  in  a  confiderable 
quantity.  As  it  is  impoffible  to  free  mercury  from  thefe  metals  completely  by  a  mere 
agitation,  recourfe  mult  be  had  to  diftillation  ->  and  even  then  the  mercury  cannot  be  ob- 
tained perfeQly  pure,  unlefs  the  procefsbe  very  carefully  managed. 

Mercury  free  from  any  admixture  fhould  be  totally  volatile,  when  gently  heated  to  the 
boiling  point.  In  order  to  deteft  the  prefence  of  lead,  one  part  muft  be  boiled  for  a  few 
minutes  with  twelve  parts  of  ele&ric  acid.  The  fluid  is  then  to  be  decanted,  and  examined 
by  means  of  fulphuric  acid.  If  the  fmaller  quantity  of  lead  be  prefent,  a  few  drops  of  this 
acid  will  render  the  fluid  turbid,  and  a  white  precipitate  will  be  feparated.  One  hundred 
grains  of  this  precipitate,  well  waflied  and  dried,  contains  72  parts  of  metal,  and  28  of 
acid ;  the  quantity  of  lead  contained  in  a  given  quantity  of  mercury,  may  thus  be  accurately 
ascertained.  But  the  minuteft  quantity  of  lead  in  the  greateft  quantity  of  mercury,  can* 
only  be  detected. by  diflblving  the  mercury  in  nitric  acid,  and  then  mixing  this  folution 
with  water  fa tu rated  with  fulphurated  hydrogenous  gas.  Dark  brown  clouds  will  imme- 
diately appear,  and  a  preeipitate  of  the  fame  colour  will  be  deposited,  if  the  fluid  is  fuf- 
fered  to  reft  undifturbed  for  a  day  or  two,  one  part  of  lead  may  thus  be  feparated.  from 
15260  parts  of  mercury.     The  admixture  of  bifmuth  is  dete&ed  in  a  fibular  manner,  by 

•  pouring  the  nitrous  folution  into  diftilled  water  5  a  white  precipitate  will  appear  if  this 
metal  be  prefent.  Tin  is  manifefted  in  the  ufual  manner,  by  a  weak  nirro- muriatic  folu- 
tion of  gold*  and  zinc,  like  the  reft  of  the  metals,  rfiay  be  fep-arated  by  expoGng  the 

mercury  to  heat.  *  '      # 
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Sweet  Muriate  of  Mercury.     Calomel, — Ph.  L. 

Calomel  ought  to  be  perfectly  faturated  with  mercury.  Compleat  faturation  can  only  be 
known,  by  boiling  for  a  few  minutes  one  part  of  calomel)  and  y?  part  of  muriate  of  am- 
moniac in  10  parts  of  diftilled  water.  The  fluid  mud  then  be  filtrated  and  examined  by 
means  of  carbonate  of  pot-a(h.  If  the  calomel  is  well  prepared,  no  change  will  take  place 
on  the  addition  of  this  re-agent  y  but  if  the  preparation  is  imperfe£t,  a  precipitate  will 
enfue,  47  parts  of  which  indicate  48  of  muriatic  acid,  114  parts  of  calomel  perfectly 
faturated  with  mercury,  contain  97  of  metal,  and  17  of  acid.  It  (hould  be  perfectly  ino- 
dorous and  taftclefs,  and  when  rubbed  in  a  (tone  mortar  with  ammoniac  becomes  intenfely 
black. 

Red  fttlphurated  Oxide  of  Mercury.     Redfulphurated  Jshiicifilver.— "Ph.  L. 

The  cinnabar  of  the  {hops  is  generally  adulterated  with  red  oxide  of  lead,  in  order  to  make 
it  dry  fooner  when  ufed  for  oil  painting,  To  difcover  this  reprehenfible  focus,  one  part  of 
cinnabar  is  to  be  digefted  by  heat  with  four  of  acetic  acid.  If  lead  is  prefent,  the  acid  will 
acquire  a-fweetifh  tafte,  and  by  letting  fall  into  it  a  few  drops  of  fulphuric  acid,  fulphate 
of  lead  will  inftantly  be  feparated.  Genuine  red  fulphurated  oxide  of  mercury  {hould  be 
entirely  volatile  in  the  fire,  and  confequently  leave  nothing  behind  it  after  evaporation*  A 
compleat  decompofition  of  its  integrant  parts  {hould  be  effe&ed,  by  boiling  one  part  of  it 
in  twelve  of  nitro-muriatic  acid,  (compofed  of  three  parts  of  nitric,  and  one  of  muriatic 
acid)  and  then  treating  the  refidue  in  a  fimilar  manner,  with  a  fufficient  quantity  of  foda, 
or  pot-afh,  forced  from  carbonic  acid.  Cinnabar  is  likewife  found  adulterated  with  a  mix- 
ture of  chalk  and  dragon's  blood,  and  cinnabar  thus  contaminated,  is  of  an  exceedingly 
fine  crimfon  colour.  If  it  contains  carbonate  of  lime,  an  effervefcence  will  enfue  on  mu- 
riatic acid  being  added,  and  the  earth  will  be  taken. up  by  the  acid;  on  adding  diftilled 
water,  and  feparating  the  fluid,  chryftals  of  felenite  will  be  obtained,  on  adding  a  little ' 
fulphuric  acid.  The  colouring  matter  may  be  compleatly  extra£ted  by  digefting  the  refidue 
in  ardent  fpirit,  and  fubfequent  evaporation.  100  parts  of  Englifh  cinnabar  contain  gene- 
rally 20  parts  of  fulphur,  and  80  of  mercury.     Its  fpecific  gravity  is  then  1000. 

Black  Oxide  of  Mercury,     S^uiclftlver  with  Sulphur*— Ph.  L. 

This  mixture  of  qukkfilver  and  fulphur,  ought  to  be  at  lead  fo  far  completed,  that  no 
globules  of  mercury  {hould  be  perceptible  through  a  good  microfcope.  Its  colour  is  then 
of  a  beautiful  black ;  it  is  impalpable  to  the  touch,  and  totally  volatile  by  heat.  It  is  found 
fopbifticated  with  ivory  black.  If  this  be  the  cafe,  it  will  leave  fome  aflies  behind  when 
laid  on  a  red  hot  iron,  or  on  ignited  coals.  If  the  mixture  of  the  mercury  with  the  ful- 
phur has  been  well  performed,  the  powder  does  not  give  a  white  colour  to  gold,  when 
rubbed  on  it  for  any  confiderable  time,  nor  can  a  feparation  be  eafily  eflfe&ed  by  faturating 
it  with  a  thick  mucilage,  &c.  However,  black  oxide  of  mercury,  which  ftands  thcfe  tefts, 
will  not  be  found  in  commerce,  nor  can  it  rcafonably  be  expeQed* 

Nitrated 
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Nitrated  Oxide  of  Mercury.     Red  Nitrated  $uicifilver.—?h.  L. 

Mod  of  the  red  nitrated  oxide  of  mercury  met  with  in  the  (hops  is  adulterated  with  red 
oxide  of  lead.  This  fraud  maybe  difcovered  in  the  fame  manner,  as  in  the  red  fulphurated 
oxide  of  mercury.  Genuine  red  nitrated  oxide  of  mercury  is  totally  volatile  on  being  expofed 
to  a  red  heat,  and  foluble  in  nitric  acid,  without  efiervefcence,  but  with  a  developement  of 
heat.  Sulphuric  acid  converts  it  into  yellow  oxide  of  mercury  (Turpeth  mineral) ;  muriatic 
acid  forms  corrofive  muriate,  and  when  completely  faturated,  fweet  muriate  of  mercurjv;  * 
or  calomel  *. 

White  Oxide  of  Mercury.     White  Calx  of  guickflver.—Ph.  L. 

Inftead  of  pure  white  oxide  of  mereujry,  we  frequently  meet  with  a  mixture  of  white 
oxide  of  mercury,  and  white  oxide  of  lead,  to  which,  not  feldom,  a  confiderable  quantity 
of  chalk  is  intimately  mixed.  White  oxide  of  lead  is  difcovered  by  digefting  one  part  of 
the  oxide  with  four  of  acetic  acid,  decanting  the  fluid,  and  adding  to  it  a  fmall  quantity  of 
fulphuret  of  ammoniac,  or  water  impregnated  with  fulphurated  hydrogen.  An  almoft 
black  precipitate  will  be  formed,  which  on  the  addition  of  'fulphuric  acid  will  not  be  re* 
diflblved.     The  pretence  of  calcareous  earth  may  be  investigated  as  dircfted  before. 

Genuine  white  oxide  of  mercury  is  of  a  fnowy  whitenefs,  taftclefs,  and  inodorous ;  in-    ' 
foluble  in  acids,  ponderous;  does  not  become  black  when  rubbed  with  frefh  prepared  lime 
water,  is  totally  volatilifed  by  heat,  and  when  accurately  prepared,  may  thus  be  converted 
into  calomel  by  mere  fublimation. 

Yellow  Oxide  of  Mercury.     Vttriolated  S^ttichfilver. — Ph.  L. 

Is  feldom.found  adulterated.  But  from  a  carelefs  and  fiovenly  management  during  the 
procefs  for  obtaining  it,  it  often  contains  a  confiderable  quantity  of  free  fulphuric  acid.  It 
then  has  a  perceptible  acid  tafte,  and  difturbs  the  folution  of  muriate  of  barytes.  It  fhould 
be  totally  volatile  by  heat,  and  poffefs  molt  of  the  chara&eriftics  of  the  preceding  mercurial 
preparations. 

Sibeit  Muriate  of  Mercury  obtained  by  Precipitation.     Mild  Muriated  ^uichJilver.^Ph.  L. 

.This  preparation  being  precifely  the  fame  as  calomel*  ought  therefore  to  poffefs  all  its' 

peculiar  properties.     But  as  it  is  fpecifically  lighter  than  calomel,  it  is  found  adulterated 

with  ftarch,  or  with  white  oxide  of  bifmuth.     The  firft  fraud  may  be  dete&ed  by  expofing 

it  in  a  clofe  veflei  to  a  red  heat ;  as  by  this  means  the  calomel  will  fublime,  and  leave  a 

•  _ 
•  Thit  produ£t,  if  obtained  according  to  the  rules  of  the  Royal  College  of  PhyGcians,  muft  be  conta- 
minated with  a  certain  quantity  of  corrofnre  fublimate,  on  account  of  the  prefcribed  quantity  of  muriatic 
acid  to  be  ufed.  Did  the  guardian!  of  health  wi(h  <to  unite  a  certain  quantity  of  this  deadly  poifbn  with  ' 
the  red  oxide  I  or  did  they  credit  the  notion,  that  the  product  would  have  a  more'  fparkling  «ppeferahjhr{ 
*hich  i  n  general  is  looked  upon  as  thf  charaftcsiftic  of  excellency,  •  &e»4 
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black  coal  behind,  and  the  latter  fophiftication  is  detefled  by  expofmg  it  to  heat  in  an  open 
vefiel,  and  reducing  the  rcfidue  by  means  of  a  little  charcoal  to  the  metallic  ftatc,  for  far- 
ther inveftigation. 

Red  Oxide  of  Mercury.     Calcined  *%/4ickfilveri—¥h.  L. 

Is  feldoro  found  adulterated.  If  well  prepared  it  is  totally  volatile  by  fire.  It  is  foluble 
in  fulphuric,  nitric,  and  muriatic  acid,  but  the  acetic,  oxalic,  malic,  and  tartareous  acids 
have  no  efFeft  upon  it. 

,  Corrofive  Muriate  of  Mercury.     Muriated  ^uickfilver. — Ph.  L. 

It  has  been  faid  that  this  produft  has  been  found  adulterated  with  arfenic.  Though  this 
may  probably  feldom  be  the  cafe,  yet  when  it  is  fufpe£ted,  one  part  of  the  corrofive  fubli- 
mate  may  be  diflblved  in  24  parts  of  diftilled  water,  and  precipitated  again  by  carefully 
adding  a  folution  of  carbonate  of  pot-afh.  The  white  precipitate  thus  afforded,  is  then 
feparated  from  the  fupernatant  fluid.  This  fluid  thus  freed  from  all  the  mercury  it  con- 
tained, is  then  to  be  tried  by  means  of  the  ammoniate  of  copper.  A  tranfparent  blue  liquid 
will  be  formed,  if  the  corrofive  muriate  of  mercury  was  free  from  arfenic  ;  but  a  yellowifli 
green  precipitate  will  appear  if  arfenic  was  prefent.  This  precipitate  collected,  dried,  and 
laid  on  ignited  coals,  will  foon  diffufe  the  garlic  fmell  peculiar  to  that  metal.  Two  hun- 
dred and  fixty-feven  parts  of  this  precipitate,  contain  one  hundred  and  fixty-two  parts  of 
copper,  and  one  hundred  and  fixty-five  of  arfenic. 

Sixty-nine  parts  of  corrofive  muriate  of  mercury  contain,  if  well  prepared,  generally  50 
parts  of  mercury,  17  of  folid  muriatic  acid,  and  two  of  water  of  cryftalization.  One  part 
is  then  foluble  in  fixteen  parts  of  cold  water  at  500,  in  2*  of  boiling  water,  in  i\  of  cold 
ardent  fpirit,  or  in  a  little  more  than  its  own  weight  of  boiling  ardent  fpirit. 

Iron.     Iron*— Ph.  L. 

The  iron  filings  of  the  (hops,  which  in  general  are  procured  from  the  gun-fmiths,  and 
other  artificers,  are  never  free  from  copper  or  brafs.  If  fome  of  the  filings  be  diflblved  in 
pure  muriatic  acid,  and  a  polifhed  iron  be  immerfed  into  this  faturated,  and  concentrated 
folution,  the  part  of  the  metal  in  conta&  with  the  fluid,  will  foon  become  coppered,  if  the 
quantity  of  this  metal  was  confiderable.  A  fmaller  quantity  of  copper  is  manifefted  by 
digefting  the  iron  filings,  in  water  impregnated  with  ammoniac,  which  will  acquire  a 
blueifli  hue,  if  the  filings  contain  copper.  But  the  bed  way  to  dete&  the  minuteft  quan- 
tity of  copper  or  brafs  is,  to  diflblve  one  part  of  the  fufpe&ed  iron  in  three  of  nitric  acid, 
and  to  decompofe  this  folution  by  the  addition  of  carbonate  of  pot-afh,  or  ammoniac  freed 
from  carbonic  acid.  In  the  firft  cafe,  a  greenifh  precipitate,  and  in  the  latter,  a  blue  folu- 
tion will  be  obtained,  particularly  if  the  ammoniac  is  added  in  abundance. 

The  pra&ice  of  purifying  iron  filings  ufually  made  ufe  of  in  the* (hops,  by  means  of  a 
jnagnet,  is  not  fo  perfeft  at  is  generally  expe&ed.    When  other  metals  have  been  united . 
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-with  the  iron,  as  is  the  cafe  in  various  folders,  the  mere  iron  filings  of  the  compound  can 
not  be  feparated  in  this  manner.  And  fo  likewife  brafs,  copper,  and  zinc  filings,  which 
adhere  to  thofe  of  the  iron,  are  likewife  forced  to  obey  the  magnet,  and  render  the  opera- 
tion fo  far  ineffectual. 

Sulphate  of  Iron*     Vitriolated  Iron**— Ph.  L. 

Should  confift  entirely  of  iron  united  to  fulphuric  acid.  The  vitriolated  iron  of  the  {hops 
frequently  contains  copper,  on  account  of  its  being  in  general  prepared,  by  merely  re-dif- 
folving  the  common  green  vitriol  of  commerce,  which  abounds  with  copper.  The  bed 
■  way  of  dete&ing  the  prefepce  of  copper,  confifts  in  diflblving  one  part  of  the  fulphate  of 
iron,  in  three  of  diftrlled  water,  precipitating  this  folution  with  carbonate  of  pot-afh,  and 
then  letting  fall  into  it  a  little  ammoniac.  If  the  fmalleft  quantity  of  copper  is  prefent, 
the  fluid  will  acquire  a  fapphire  blue  cplour,  but  no  fuch  efte£t  will  take  place  if  the  fait 
be  free  from  copper. 

The  practice  of  obtaining  this  fait  pure,  by  diflblving  the  common  green  vitriol,  and 
fubfequent  boiling  with  iron  filings,  or  cryftalization  in  an  iron  veflel,  is  not  fo  fatisfa&ory 
as  could  be  wiihed.  Sulphate  of  zinc,  which  is  frequently  found  in  the  common  fulphate 
of  iron  of  commerce,  does  not  become  feparated  in  this  manner.  A  direct  combination 
is  requifite  for  obtaining  this  fait  perfectly  pure. 

FRED.  ACCUM. 

No.  3,  Compton  Street,  Soho. 
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ExtraBs  of  Letters  from  H.  Goodwyn,  Esq.  on  the  Unities  of  Weight  and  Meafure  befl 
adapted  to  the  Br'ttifh  Empire ;  on  the  new  Meafures  of  France ;  with  a  Defcription  of  an 
Engine  for  raifing  Water* 
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APPREHEND  it  to  be  an  indifputable  point  that  a  correfponding  unity  of  weight  and 
meafure  is  truly  defirable  in  this  kingdom ;  and  that  an  additional  benefit,  beyond  what  the 
French  nation  poflefs  from  their  new  metrical  fyftem,  would  arife,  if  that  unity  corre- 
fponded  alfo  with  the  general  method  in  which  the  comparative  fpecific  gravities  of  bodies  arc 
exprefled  with  us,  namely,  by  an  unit,  or  by  one  thoufandth  part.  Now,  Sir,  it  appears 
to  me  that  we  are  not  only  in  poffeffion,  but  in  the  conftant  ufe  of  one,  both  for  weight 
and  meafure,  as  invariable  as  that  now  eftablifhcd  in  France.  I  allude  to  the  foot  meafure 
and  avoirdupoife,  or  (if  I  may  be  allowed  the  more  appropriate  expreflion)  decade  ounce 
weight.  When  I  add,  what  I  am  perfuaded,  by  your  valuable  publications,  you  well 
know,  that  the  decade  ounce  weight,  of  pure  rain,  or  diftilled,  wateT  at  6o°  of  heat,  is 
generally  allowed  to  be  equal  in  bulk  to  the  T^th  part  of  the  cubic  foot  \  and  alfo  ob~ 

Y  2  ferve 
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fcrvc  that  by  adding  only  44.3511  parts  out  of  10000;  or  about  -r^i-th  part,  to  the  con- 
tent  of  our  prefent.  Wincbefter  meafure,  that // would  then  contain  exa£Hy  10  cubic  feet* 
Thefe  tranfitions  from  the  prefent  to  fdch  an  improved  fyftem,  would  be  •*  a  confum- 
"  mation  devoutly  to  be  wi&ed,"  and  mod  ardently  do  I  wifh  it  to  be  legalized. 

A  ftandard  meafure  for  the  p'urpofes  of  trade,  in  particular,  as  well  as  for  others,  that  N 
would  uniformly  give  an  accurate  refult,  and  could  be  eafily  made,  examined  and  afcertained,  - 
by  common  mechanics,  which  neither  our  prefent  liquid  or  dry  meafures  evidently  can, 
would  finely  be  an  acquifition  of  great  value.  Such  an  one,  I  humbly  prefume,  would  be 
the  following:— A  fquare  pyramid,  whofe  perpendicular  height  is  exa&ly  thrice  the 
length  of  the  fide  of  the  bafe :  for  fuch  an  one,  and  every  fe&ion  of  it,  made  by  a  plane 
parallel  to  its  bafe,  would,  in  die  firft  inftance  poflefe,  and  in  every  fubdivifion,  retain 
thefe  remarkable  properties  *. 

ift  Similar  comparative,  dimenfions  to  thofe  above  given,  for  the  original  pyramid; 
1.  *.- every  fmaller  pyramid,  formed  by  the  above-mentioned  parallel  fe&ion,  would  have 
its  perpendicular  height  thrice  the  length  of  the  fide  of  its  bafe,  and 

2dly.  The  length  of  the  fide  of  each  bafe  will  always  indicate,  or  equal  the  cube  root  of 
the  folid  content  of  the  pyramid  e.  g.  If  the  length  of  the  fide  of  the  bafe  be  3.  the  folid 
content  will  be  the  cube  of  3.  viz.  3x3x3  =  27. 


*i 


Mr.  Locke  has  fome where  in  his  writings  ftated  it  as  wrong  Tor  one  man  to  pull  down 
the  fuperftrufture  of  another  without  building  or  ere&ing  a  better  in  its  ftead.  I  fome 
time  pad  took  the  liberty  to  point  out  to  you  an  error  in  the  comparative  tables  of  Englifh 
and  French  meafures  in  your  Journal  \  and  upon  Mr.  Locke's  principle  I  feel  it  juft  to  give 
you  my  calculation  of  the  general  heads  of  comparative  tables  between  fuch  a  fyftem  as  is 
advanced  in  the  former  part  of  this  paper,  and  that  I  apprehend  to  be  now  eftablifhed  in 
France,  premifing,  that  I  take  the  length  of  the  metre  from  your  Journal,  vol.  III.  page 

pieds.       pou.  lignes. , 

283,  at  3  o  J  1.296,  and  I  take  the  comparative  length  of  the  Englifh,  with 

the  French  foot,  from  data  in  the  Connoiflance  des  Temps  for  1795,  and  from  the  Philo- 
sophical Tranfa&ions  for  1768,  page  326. 

By  thefe  references  it  will  appear  that  the  French  foot  is  to  the  Englifh 

as  1.  :   1.065752004,  &c. 
Confequently, 

French  foot.  Englifh  decades,  or  loths  of  an  Englifh  foot. 

I.  =:  1O.65752O04 


*  I  have  been  many  yeart  in  the  habit  of  ufing  a  pyramid  meafure  to  examine  corn  5  and  am  perfectly 
convinced  that  fuch  a  one  will  indicate  a  far  more  accurate  refult  than  can  arife  from  the  manner  iu  which 
corn  is  meaiurcd  by  the  bulhel.— G. 

3  Comparative  « 
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Comparative  Tables,  Englijb  wkb  French. 
LONG  MEASURE. 


Long  decade. 


Metre.  Me*tre. 

O.03047983  fere         1 


Long  decadeti 

£08583358, 
or  inches  39*3703 


s         f   3^.808583358,  &c. 


Square  decades. 


SQUARE  MEASURE. 

Ares.  Ares. 


0.0000092902  ferS        1         =      j    107640.3 1 42 


Square  decades; 

40.3142 
or  fqr.  inches  155002.052448, 


CUBE  MEASURE. 


Cube  decades. 
i  =: 


Litres. 


Litre. 


0.02831637  fere 


-  { 


Cube  decades. 

35.3152622,  &c. 

or  cubic  inches  61.0247727, 


WEIGHTS. 


Avoird.  or  decade  oz.         Grammes.  Gramme. 

1         =s        28.31637  ferS        1 


Decade  oz. 


-2     •    /  o-o353  x5a6>  &c- 


or  grains  or  15.45042625. 


decade9  are  reduced 


Long. 
Square, 

or 
Cube 


Englifh  ii 
multiplyi 


nches  by 
ingby 


And  decade  ounces  are  reduced  to  grains, 
containing 


{7060.  "J  T  Avoird. 

or      >  to  the  lb.  < 
5760.  J  t  Troy 


by 


multiplying  the  ounce  by  437.5  =.  the  number  of  grains  in  an  avoirdupoife  ounce. 
Eajl  Smithfidd)  April  25,   1800. 


Defcription  of  an  Engine  for  raffing  Water. 

THE  hydroftatic  machine  here  defcribed  was  invented  by  me  fome  years  ago.  It  has 
been  feen  but  by  few:  Mr.  Watt,  of  Birmingham,  Mr.  Rennie,  the  civil  engineer, 
Mt.  More,  the  late  fecretary  to  the  Arts  and  Sciences,  Mr.  George  Adams,  late  of  Flcet- 
ftreet,  who  has  made  handfome  mention  of  it  in  his  Le&ures.  I  have  no  doubt  but  you 
can  readily  point  out  many  ufes  to  which  it  may  be  applicable. 

May  17,'  1800.  H.  G. 

A  Sefiion 


i66  Engine  for  raifing  Water. 


A  Seclion  and  Defcripticn  of  a  Machine  that  will  raife  a  Body  of  Water  to  any  Height*  not  ex- 
ceeding the  Height  of  a  Column  that  will  counterbalance  the  Prejfure  of  the  Atmofphere  (fay 
30  Feet)  by  the  Defcent  of  Part  of  the  fame  Body  of  Water ^  through  a  fomewhat  greater 
Height^  and  aided  by  the  Prejfure  of  the  Atmofphere. 

Let  A  Plate  VIII.  figure  2,  be  a  fphere  of  copper,  or  other  metal,  about  1  foot  6 

inches  in  diameter. 
B  Another  fphere  about  2  feet  6  inches  in  diameter. 

C  A  refcrvoir  of  water  kept  conftantly  fupplied. 

D  A  glafs  cap  about  6  inches  long,  fixed  on  the  top  of  A,  for  the  purpofe  of 

feeing  when  the  water  begins  to  fill  and  has  filled  A. 
E  The  upper  refervoir  into  which  A  is  to  be  emptied. 

1,1,        A  pipe,  about  0.5  inches  in  diameter,  fixed  into  the  top  of  B,  and  riGng 

upwards  to  within  about  an  inch  of  the  top  of  D» 

2  A  pipe  of  the  fame  diameter,  a  few  feet  longer  than  1,1,  fixed  into  the  bottom 

of  B,  and  extending  downwards  in  a  perpendicular  or  inclined  direQion. 

3  A  pipe  of  one  inch  and  a  half  in  diameter,  fixed  to  bottom  of  A,  and  ex- 

tending upwards  through  it,  to  within  about  two  inches  of  the  top  of  D. 
Vide  fig.  3. 
4*4*        A  pipe  about  half  an  inch  diameter  fixed  into  the  top  of  B,  and  extending 
upwards,  through,  and  fixed  to  bottom  of  C. 

5  A  pipe  of  fame  diameter  fixed  to  top  of  B,  and  terminating  in  and  fixed  to 

bottom  of  C. 

6  A  pipe  of  fame  diameter  fixed  into  bottom  of  A. 

j  A  trumpet  mouth  pipe  fixed  to  bottom  of  pipe  3,  and  extending  downwards, 

to  within  about  an  inch  of  bottom  of  refervoir  C. 
*,  bjC}  &  d  Are  cocks  fixed,  to  the  pipes. 

The  fpheres,  pipes,  cocks,  and  joints,  mult  all  be  air  tight. 

In  order  to  raife  water  from  refcrvoir  C  into  refervoir  E,  all  the  cocks  being  turned  off, 
proceed  thus :  turn  on  the  cocks  b  and  r,  in  order  to  fill  B,  and  when  B  is  full,  turn  off  the 
cocks  b  and  e,  and  turn  on  the  cock  d.  The  water  will  then  begin  to  run  from  the  Tphere 
B,  and  will,  by  means  of  its  communication  throtfgh  the  pipe  i,  1,  with  the  upper  fphere  A, 
rarify  the  air  therein,  and  the  atmofphere  at  the  fame  time  preffing  on  the  water  in  C,  will 
caufc  it  to  rife  through  the  trumpet  mouth  at  7,  of  pipe  3,  and  by  falling  over  the  top  of  it 
at  D  to  fill  the  fphere  A.  When  A  is  full,  which  may  be  feen  through  the  glafs  cap  D, 
turn  off  dy  and  turn  on  a,  bf  and  c>  by  which  means  A  will  empty  into  the  refcrvoir  E,  and 
B  will  be  repleniQied  for  another  operation.  Then  turn  off  the  cocks  a,  b,  and  r,  and  turn 
On  the  cock  d3  and  repeat  the  operation  of  raifing  the  water  into  A*  But  if  it  be  re- 
quired 
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quired  to  raife  one  body  of  water  from  refcryoir  C  into  refervoir  E,  by  means  of  the 
defcent  of  another  tody  of  water  through  B,  a  communication  muft  be  made  into  B,  inde- 
pendant  of  the  pipe  5  and  cock  r,  viz.  through  a  pipe,  cock,  and  funnel  (or  refervoh-) 
reprefented  by  the  dotted  lines,  communicating  with  R,  near  the  pipe  and  cock  5  and  r, 
ind  then  they  are  to  be  ufed  in  lieu  uf  pipe  5  and  cock  r. 


A 


A  Memoir ',  in  which  the  Qutjlion  is  examined^  whether  Azote  he  a  fimple  or  compound  Body  ? 
By  Christopher  Girtaitner,  Doftor  of  Phyfic  at  Gottingcn. 


( Concluded  from  page  140.^ 
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PROPOSE,  in  a  particular  work  upon  azote,  to  give  a  detail  of  the  numerous  expe- 
riments which  I  had  made  to  difcover  its  nature :  I  (hall  confine  myfelf  at  prefent  to  give  a 
general  outline  of  thefe  experiments,  as  well  as  of  the  inductions  which  I  have  thought 
might  be  drawn  from  them. 

I  think  myfelf  intiticd,,  therefore,  to  affirm  without  felf  deception,  that  azote  gas  is 
obtained. 

1.  When  water  is  boiled  in  an  earthen  retort  not  glazed  within,  and  the  vapour  is  made 
to  pafs  through  a  tube  of  glafs,  or  other  material ; 

2.  When  water  is  boiled  in  a  retort  of  glafs  containing  clay  or  alumine*  and  the  vapour 
is  made  to  pafs  through  a  tube  of  glafs,  or  other  material ; 

3.  When  water  is  boiled  alone  in  a  retort  of  glafs,  and  the  vapour  is  made  to  pafs 
through  a  tube  of  pipe  clay  ; 

4.  When  water  is  boiled  alone  in  a  glafs  retort,  and  the  vapour  is  made  to  pafs  through 
a  glafs  tube  containing  clay  or  alumine  \ 

5.  When  an  earthen  tube  is  filled  with  water,  and  this  tube  is  included  in  a  larger  tube 
of  glafs  with  fand  between  them,  and  this  tube  of  glafs  in  tube  of  iron  alfo  with  fand  be- 
tween them,  and  the  whole  is  expofed  to  ignition  * ; 

6.  When  water  is  boiled  in  a  glafs  retort  containing  lime,  and  the  vapour  is  pafled 
through  a  tube  of  glafs  or  other  material  \ 

7.  When  water  is  boiled  in  a  glafs  retort  containing  pounded  quartz,  or  files,  and  the 
vapour  is  pafled  through  a  tube  of  glafs,  or  other  material  \ 

8*  Experiment  1  fucceeds  equally  when  the  earthen  retort  is  coated  externally  with  a 
metallic  glaze : 

•  This  experiment,  which  I  have  not  repeated,  it  given  by  Prieftley,  in  bis  experiments  aadobfervation* 
*n  different  kinds  of  air*    Birmingham,  1790,  vol*  ii.  page  41 8* 

9*  Experi- 
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9.  Experiment  3  fucceeds  equally  when  the  earthen  tube  is  coated  externally  with  a  me- 
tallic glaze : 

10.  Experiment  4  fucceeds  equally  when  the  tube  is  filled  with  lime,  or  pounded  glafs. 
The  vapours  of  water  only  without  azote  gas  are  obtained, 

i.  When  water  is  boiled  in  a  glafa  retort,  and  the  (learn  is  pafled  through  tubes  of  glafs  . 
or  porcelain ; 

2.  When  water  is  boiled  in  an  e&rthen  retort,  internally  coated' with  a  metallic  glaze, 
and  the  vapours  are  pafled  through  tubes  of  glafs  or  porcelain ; 

3.  When  water  is  boiled  in  a  glafs  retort  filled  with  pounded  glafs,  and  the  vapours  are 
pafled  through  the  tubes  of  glafs  or  porcelain  : 

GENERAL     REMARKS. 

In  order  to  obtain  azote  gas  in  confiderable  quantity,  the  water  mud  be  gently  evapo- 
rated by  a  very  moderate  heat,  and  care  muft  be  taken  not  to  raife  it. 

It  may  be  obferved,  that  in  all  thefe  experiments  without  exception,  that  as  foon  as  the 
laft  drops  of  water  is  evaporated,  the  azote  gas  ceafes  to  be  produced,  notwithftanding  the 
continuance  of  the  heat. 

RESULTS   OF    THE    EXPERIMENTS. 

•    Such  are  the  fads,  and  the  fimple  enumeration  of  experiments,  independent  of  all  fyfterm 
explanation,  and  theory.     And  it  follows,  * 

i.  That  Meflrs.  Wiegleb  and  Goettling  were  right  in  affirming,  that  water  is  changed 
into  azote  gas  by  the  a  ft  ion  of  heat ; 

2.  That  they  were  wrong  in  maintaining  that  this  change  takes  place  always,  and  in.  all 
circumftances,  provided  the  vapours  of  water  be  in  contaft  with  ignited  bodies ; 

3.  That  Mr.  Wiegleb  has  not  proved  what  he  advanced,  namely,  that  the  change  of 
water  into  gas  is  owing  to  caloric,  and  that  water  is  the  bails  of  every  gas  whatever. 

4.  That  the  Dutch  chemifts  were  wrong  in  advancing,  that  the  change  of  water  into 
azote  gas  never  happens  in  any  cafe,  and  that  the  gas  obtained  is  owing  to  the  atmofpheric 
air  having  pafled  through  the  retorts  and  the  tubes > 

5.  That  there  are  circumftances  in  which  water  is  changed  into  azote  gas,  and  others  in 
which  it  is  not,  and  that  it  is  eafy  to  reconcile  the  two  oppofite  parties. 

The  change  of  water  into  azote  gas  by  the  a&ion  of  caloric  and  the  earths  being  af- 
firmed, it  remains  for  us  to  difcovcr  the  folution  of  this  problem, 

I  have  obferved,  as  well  as  Ingenhoufz,  Von  Homboldt,  and  Van  Mons,  that  the 
earths  when  moiftened,  have  the  property  of  abforbing  the  oxigen  of  the  atmofphere  at  the 
ordinary  temperature.  I  have  alfo  obferved  what  Von  Homboldt  has  not  remarked,  that 
they  abforb  oxigen  in  lefs  time,  and  greater  quantity,  when  they  are  heated.  I  found  by 
other  experiments,  that  the  earths  alfo  take  oxigen  from  water,  but  that  it  is  neceflVry  for 
this  purpofe,  that  the  temperature  (hould  be  more  elevated  than  that  of  the  atmofphere,' 

Clay, 
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Clay,  loamy  earth,  of  alumine,  become  charged  with  oxigen  with  the  moft  avidity,  and  at 
a  temperature  far  below  that  of  boiling  water.  Lime  requires  a  more  elevated  temperature, 
and  does  not  abforb  fo  much  oxigen.  Silex  requires  to  be  ignited  before  it  will  abforb 
oxigen,  but  then  it  feizes  it  rapidly  enough.  Baked  clay  alfo  unites  with  oxigen,  but  re- 
quires a  (till  more  elevated  temperature.  Glazed  clay  does  not  abforb  oxygen,  becaufe  the 
glaze  being  a  metallic  glaf9,  has  no  a&ion  upon  that  fubftance. 

Having  made  thefe  obfervations,  I  did  not  find  much  difficulty  in  explaining  the  pheno- 
mena of  the  change  of  water  into  azote  gas:  Recolle&ing  the  hypothefis  which  was 
thrown  out  by  Mr.  Mayer  fome  years  ago,  on  the  nature  of  azote  gas,  which  he  fuppofes 
to  be  compofed  of  oxigen  and  hydrogen,  or  that  it  is  water  changed  into  gas  *>  I  adopted, 
fimilar  ideas  rcfpe&ing  the  nature  of  this  gas.  Mr.  Mayer  having  given  his  hypothefis 
merely  as  a  conjefture,  unfupported  by  any  chemical  experiment  whatever,  I  propofed  to 
fupply  what  was  wanting  in  the  eftablifhment  of  hisconclufion. 

Admitting  this  hypothefis,  and  refle&ing  on  the  fingular  property  which  the  earths 
pofiefs  of  abforbing  oxigen  from  water,  I  explained  the  before  related  experiments  without 
difficulty.  They  are  the  confequence  of  a  double  affinity.  The  oxigen  of  the  water  partly 
unites  with  the  earth,  and  converts  it  into  an  earthy  oxide ;  the  reft  of  the  oxigen  uniting 
with  the  hydrogen  combines  with  the  caloric,  and  forms  azote  gas ;  whence  it  follows, 
that  azote  is  water  deprived  of  part  of  its  oxigen.  ■ 

Several  experiments  prefent  themfelvcs  in  fupport  of  this  aflertion.  I  {hall  confine  my- 
felf  to  mentioning  fome  of  them,  and  (hall  fpeak  of  the  others  in  a  fecond  memoir,  when 
I  {hall  have  repeated  them. 

1.  Let  tubes  of  porcelain  be  procured  and  tried)  by  paffing  the  vapour  of  boiling  water 
through  them,  which  will  be  condenfed  at  the  other  extremity  without  the  fmalieft  particle 
of  gas,  excepting  the  air  which  is  contained  in  the  retort.  After  having  in  this  manner 
ascertained  that  the  water  is  not  changed  into  gas  in  thefe  tubes,  in  order  to  obviate  the 
obje&ions  of  thofe  who  imagine,  that  the  external  air  pafles  through  thefe  tubes ;  let  one 
of  them  be  filled  with  tin  filings  and  placed  in  a  fire,  taking  care  to  keep  it  up :  after 
which  the  vapours  of  water  are  to  be  paflcd  through. 

The  pneumatic  apparatus  will  be  found  to  contain  azote  gas  mixed  with  oxigen  ga& 
The  tin  is  changed  into  oxide,  which  oxide  pafles  under  the  pneumatic  apparatus  with  the 
azote  gas,  and  the  vapours  of  the  water. 

This  experiment,  which  was  made  by  Mr.  Van  Haucb,  is  eafily  explained  according  to 
my  theory.  The  tin  takes  only  part  of  the  oxigen  from  the  water.  The  reft  unites  with 
hydrogen  and  forms  azote. 

2.  When  the  vapours  of  water  are  paflcd  over  lead  in  the  fame  manner  as  in  the  fore* 
going  experiment!  a  fimilar  refult  is  obtained  according  to  Mr.  Van  Hauch.  At  the 
commencement  of  the  operation,  the  oxide  of  lead  pafles  into  the  inverted  receiver  along 

•  Gren'*  Journal  der  Phyfik,  vol.  v.  page  if  i. 
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with  the  gas*  and  the  watery  vapours ;  after  which  the  metal  itfelf  appears  la  the  form  of 
an  extremely  fine  powder.  The  proportion  of  azote  gas  to  that  of  the  oxigen  obtained  is 
as  64  to  36.  ' 

3.  When  the  vapours  of  water  are  pafled  in  the  fame  manner  through  a  tube  filled  with 
antimony,  a  mixture  of  azotd  and  oxigen  gas  is  obtained,  in  the  proportion  of  89  parts  of 
the  former  to  1 1  of  the  latter. 

4.  A  porcelain  tube  was  filled  with  the  black  oxide  of  manganefe.  The  tube  was  ex- 
pofed  to  a  very  ftrong  fire  for  two  hours,  till  the  oxide  had  intirely  ceafed  to  afford  oxigen 
gas.  The  vapours  of  water  were  then  pafled  over  this  oxide  thus  deprived  of  the  greater 
part  of  its  oxigen.  Another  produ&  of  oxigen  gas  of  confiderable  purity,  was  firft  ob- 
tained, and  afterwards  azote  gas. 

This  experiment  of  Mr.  Van  Hauch  is  very  inftru&ive.  The  manganefe  firft  abforbed 
the  hydrogen  with  avidity,  and  afterwards  part  of  the  oxigen  of  the  water. 

5.  Through  the  fame  tube  filled  with  the  fame  manganefe,  as  had  ferved  for  experiment  4, 
the  vapours  of  water  were  pafled.  Azote  gas  was  obtained.  The  fire  was  kept  up  for 
near  three  hours,  and  the  difengagement  of  azote  continued  as  long  as  the  vapours  were 
pafled  through.  It  ceafed  when  thefe  vapours  were  flopped,  but  the  difengagement  of 
azote  began  again  as  foon  as  the  water  was  again  made  to  boil,  and  the  vapours  began  to 
paft  over  the  manganefe.  This  experiment  was  repeated  for  fix  following  days  during 
three  hours  each  day,  and  always  with  the  fame  fuccefs.  When  the  operation  was  ended, 
tl)e  manganefe  was  found  adhering  to  the  porcelain,  fo  that  it  could  not  be  feparated. 

6.  Dr.  Fearfon,  in  his  analyfis  of  water  by  the  ele&ric  fpark  always  obtained  azote  gas, 
hefides  the  two  gafes  which  compofe  water. 

7.  The  fame  Dr.  Pearfon,  by  burning  a  mixture  of  oxigen  and  hydrogen  gafes  in  a  tube 
hermetically  clofed,  obtained  water  and  azote  gas. 

8.  Dr.  Prieftley  obferved,  that  oxigen  gas,  which  remains  for  a  time  in  con  tad  with  the 
pureft  d Milled  water,  becomes  partly  changed  into  azote.  I  verified  this  obfervation,  and 
found  as  much  as  0,1  of  azote  gas  in  the  oxigen  gas. 

9.  A  mixture  of  hydrogen  gas  and  nitrous  gas,  which  remains  for  a  time  in  conta£k 
with  water,  no  longer  burns,  but  is  found  to  be  changed  into  atmofpheric  air.  I  explain 
tU  fa&  by  fuppofing,  that  the  hydrogen  has  combined  with  part  of  the  oxigen  of  the 
nitrous  gasi  or  of  the  water,  and  has  become  changed  into  azote  gas.  This  experiment*, 
however,  which  was  made  by  Mr.  Link,  did  not  fucceed  with  me 

10.  Dr.  Prieftley  found  that  hydrogen  gas,  which  he  had  kept  for  a  long  time  in  conta& 
.  with  water,  was  intirely  changed  into  azote  gas.     This  experiment- does  not  always  ftu> 

ceed*    It  fucceeded  four  times  with  Prieftley.    h  is  no  doubt  neceflary  that  the  water 
ftould  contain  oxigen  gas* 

n.  By  burning  together  a  mixture  of  eleven  cubic  inches  of  hydrogen  gas,  and  one  * 
cubic  inch  of  oxigen  gas,  azote  gas  is  obtained.    This  experiment  of  Mr.  Telin  did  not. 
fiicceed  with  me. 

liZ^Wfien 
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12*.  When  the  vapours  of  water  are  pafled  through  a  gun-barrel,  which  has  already  been 
ufed  a  number  of  times  in  this  kind  of  experiment,  and  is  Entirely  oxided  within,  hydro- 
gen gas'  is  no  longer  obtained,  but  azote ;  the  iron  being  no  longer  capable  of  combining 
with  all  the  oxigen  which  the  water  prefents  to  it*  This  experiment  of  Mr.  Yellng  has 
been  confirmed  to  me  by  Mr.  Mayer. 

13.  An  experiment  made  by  Mr.  Lampadius,  appears  to  me  to  afford  very  fatisfa&ory 
proof  that  oxigen  is  contained  in  azote  gas.  He  fufed  arfenic  in  the  pureft  azote  prepared 
by  the  combuflion  of  phofphorus.  The  metal  was  fublimcd,  and  after  the  experiment,  he 
found  that  it  was  partly  changed  into  oxide  of  arfenic* 

14.  When  in  the  combuflion  of  the  two  gafes  to  produce  water,  the  quantity  of  Tiy- 
drogen  is  too  great,  a  produft  of  nitric  acid  is  obtained* 

15.  The  following  experiment  defcribed  by  Scheele,  appears  to  me  to  be  a  new  proof 
that  azote  is  nothing  elfe  but  an  oxide  of  hydrogen.  Thus  it  is  that  this  famous  chemift 
exprefies  himfelf.  In  his  treatife  on  Air  and  Fire,  "I  filled  a  bladder  with  air  obtained 
"  from  iron,  filings,  diflblved  in  vitriolic  add,  and  I  refpired  this'  air.  After  twenty  in- 
"  fpirations  I  found  myfelf  obliged  to  ftop.  When  I  had  recovered,  I  emptied  my  lungs 
u  as  much  as  poflible,  and  again  refpired  the  inflammable  air.  After  ten  infpirations  I 
"  could  proceed  no  farther.  The  air  upon  examination  was  no  longer  inflammable,  and 
"  produced  no  cloud  in  lime  water;  in  a  word  it  was  corrupted  air"  (azote  gas). 

1 

(To  be  continued*) 
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Further  Remarks  en  tie  Preparation  of  Priiflutte .  of  Pot-afh — Method  of  purifying  Caufiic 
and  carbonated  Alcalisfrom  Sulphate  of  Pot-afh.    By  Mr:  Will  u  m  He  mr  r. 

Manchtjler,  June  i6t  i8oo» 

To.  Mr.  NICHOLSON. 

SIR, 
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N  your  Journal  for  April  laft  (p.  30),  I  communicated  a  new  method  of  preparing  the 
prufliate  of  pot-afh*  The  only  objedion  I  am  aware  of,  that  can  be  urged  againft  this 
procefs,  is  the  expenditure  of  a  considerable  quantity  of  pruffiated  barytes,  a  (alt  which  it 
may  not  be  in  the  power  of  every  one  to  prepare.  As  the  fole  advantage,  obtained  by  its 
employment,  is  the  decompofition,  by  double  affinity,  pi  fulphate  of  pot-afli  ;  it  has  fince 
occurred  to  me,  that  a  confiderable  faving  of  pruffiated  barytes  would  be  gained,  by  firft 
faturating  the  alcali,  in  the  common  way,  >yith  Pruflian  blue,  and  afterwards  digefting 
the  impure  pruffiate  of  pot-afh,  thus  obtained,  with  prufliate  of  barytes*  To  a  folution  of 
common  prufliate  of  pot-afli,  which  immediately  precipitated  muriate  of  barytes,  I  added, 

Z  2  therefore, 
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-therefore,  a  fmall  quantity  of  the  barytic  pruffiate,  and  applied  a  gentle  heat  for  a  few 
minutes.  The  folution,  when  filtered,  no  longer  precipitated  muriate  of  barytes  (except 
after  fome  time  in  the  manner  I  have  pointed  out,  p.  32.}  The  purer  the  alcali,  em- 
ployed in  making  the  pruffiate  of  pot-afh,  the  left,  it  is  obvious,  will  be  the  proportion  of 
prufliated  barytes  required. 

I  have  lately  contrived  a  method  of  preparing  pure  and  carbonated  alkalis,  which  has 
many  advantages  over  the  common  ones.  Indeed-  the  formation  of  a  carbonated  alcali, 
perfectly  free  from  fulphate  of  pot-afli,  is  a  problem  of  confiderable  difficulty,  except  by 
very  expenfive  procefles.  Cryftalizationis  incompetent  to  feparate  the  whole  of  the  ful- 
phate. The  lixivium  of  the  afhes  of  tartar,  and  the  alcali  prepared  from  nitre,  I  have 
never  found  free  from  fulphate  of  pot-afh.  By  faturating  the  alcali  with  acetous  acid,  and 
then  adding  acetite  of  barytes,  a  pure  acetite  of  alcali  may  be  obtained,  which,  when'  de- 
compofed  by  heat,  affords  a  pure  carbonate.  But  this  mode  is  troublefome  and  coftly.  I 
recommend  the  following,  as  a  cheap  and  eafy  process : 

Render  the  ^lcali,  whether  vegetable,  mineral,  or  volatile,  perfectly  cauftic  by  quick- 
lime; and  to  the  clear  folution  add,  by  degrees,  a  warm  folution  of  pure  barytic  earth,  till 
the  precipitation  ceafes.  The  barytes  feizes  the  fulphuric  acid ;  and  leaves  the  alcali  pure, 
which  may,  if  required,  be  afterwards  faturated  with  carbonic  acid,  in  any  of  the  common 
modes.  During  its  reitoration  to  a  mild  ftate,  any  barytes,  that  may  remain  in  excefs,  is 
alfo  precipitated.  If  the  carbonic  acid,  employed  for  faturation,  be  obtained  from  carbo- 
nate of  lime  by  fulphuric  acid,,  the  gas  mould  be  previoufly  pafled  through  a  folution  of 
carbonate  of  pot-afli,  in  order  to  feparate  any  fulphuric  acid,  that  may  happen  to  be  at- 
tached to  it.  A  carbonate  of  alcali  thus  prepared,  when  faturated  with  acetous  acid,  gives 
no  figns  of  fulphuric  acid,  on  adding  acetite  of  barytes. 

Cauftic  alcali,  however,  purified  in  the  above  mode,  dill  retains  a  fmall  portion  of  lime; 
for,  on  examining  the  precipitate  very  attentively,  I  found  no  lime  in  its  competition,. 
which  might  perhaps  have  been  expected  in  it,  from  fome  late  experiments  of  M.  M» 
Guyton,  Kirwan,  and  Hatchett,  on  the  affinity  of  earths  in  the  humid  way.  If  a  cauftic 
alcali  be  required,  perfectly  free  from  lime,  as  may  fometimes  happen  in  nice  experiments,, 
the  alcali  may  be  deprived  of  its  carbonic  acid,  entirely  from  the  beginning,  by  pure 
barytes, 

I  am,  Sir, 
Tour  obedient  humble  Servant, 

WILLIAM  HENRY. 


Onm 


On  a  new  fulminating  Mercury,  173 

VII. 

On  a  New  Fulminating  Mercury.     By  Edward  Howard,  Efq.  F.R.S** 

S  E  C  T  I  O  N    I. 
ripi 

X  HE  mercurial  preparations  which  fulminate,  when  mixed  with  fulphur,  and  gradually 

expofed  to  a  gentle  heat,  are  well  known  to  chemifts :  they  were  difcovcred,  and  have  been 

fully  defcribed,  by  Mr.  Bayen  f. 

M  M.  Brugnatelli  and  Van  Mons  have  likewife  produced  fulminations  by  cone u (Hon,  as 
well  with  nitrate  of  mercury  and  phofphorus,  as  with  phofphorus  and  mod  other  nitrates  J. 
Cinnabar  likewife  is  amongft  the  fubftances  which,  according  to  MM*  Fourcroy  and 
Vauquelin,  detonate  by  concuOion  with  oxymuriate  of  pot-afh  § . 

Mr.  Ameilon  had,  according  to  Mr.  Berthollet,  obferved,  that  the  precipitate  obtained 
from  nitrate  of  mercury  by  oxalic  acid,  fufes  with  a  hiding  noife  ||. 

S  E  C  T  I  O  N    II. 

But  mercury,  and  mod  if  not  all  its  oxides,  may,  by  treatment  with  nitric  acid  and 
alcohol,  be  converted  into  a  whitifli  cryftallized  powder,  poflefRng  all  the  inflammable, 
properties  of  gunpowder,  as  well  as  many  peculiar  to  itfelf.  . 

I  was  led  to  this  difcovery,  by  a  late  aflertion,  that  hydrogen  is  the  bafis  of  the  muriatic 
acid  :  it  induced  me  to  attempt  to  combine  different  fubftances  with  hydrogen  and  oxygen* 
With  this  view,  I  mixed  fuch  fubftances  with  alcohol  and  nitric  acid,  as  I  thought  might 

*  Philof.  Tranf.  1800,  p.  204. 

+  Opufcules  Cbimiques  de  Bayen,  torn.  i.  p.  346,  anJ  note  in  p.  544. 

X  Annates  de  Cbimie,  torn,  xxvii.  p.  74  and  79.     (or  this  Journal,  11.46!.) 

^  Ibid.  torn.  xxi.  p.  238.     (or  this  Journal,  I.  168.) 

I  This  fa&  has  been  mifrepreftnted,  in  the  introduction  to  a  work  intitled  The  Chemical  Principles  of 
the  Metallic  Arts,  by  W.  Richardfon,  Surgeon,  F.A.S  Sc.  (page  lvii.)  The  author,  fpeaking  of  the 
acid  of  forrel,  fays,  "  Klaproth  of  Berlin  precipitated  a  nitrous  folution  of  mercury  with  acid  of  wood- 
"  forrel,  neutralized  with  vegetable  alkali.  The  white  precipitate,  well  wafted  and  dried,  produced  a  ful- 
"  minating  noife,  not  inferior  to  that  of  fulminating  gold.  Acid  of  fugar,  perfectly  neutralized  by  vege- 
"  table  alkali,  produced  the  fame  precipitate,  which,  on  expofure  to  heat,  exhibited  the  fame  fulminating 
"  power/*  I  muft  coniefs,  I  have  not  been  able  to  produce  any  fuch  fulmination.  Mr.  Richardfon  has- 
moreover  given  this  fuppofed  difcovery  to  Mr.  Klaproth ;  whereas,  Mr.  Berthollet,  when  quoting  the  facl 
to  which  I  fuppofe  Mr.  Richardfon  intended  to  allude,  obferves,  "  Qu'on  avoit  deja  donne*  le  nom  d'argent 
"  fulminant  au  precipite*  du  nitrate  vi' argent  par  l'acide  oxalique,  dans  lequel  M.  Klaproth  avoit  decouvert 
M  la  proprittt  de  fufer  avec  vivacite  lorfqu'on  Texpofe  a  la  chaleur.  M.  Ameilon  avoit  aufli,  depuis 
H  longtems,  fait  connoitre*  que  l'acide  oxalique  communiquoit  cette  propri£te  au  mere u re,  quoique  moins 
H  forteroent  qu'a  Targent  j  mais  cet  effet  (he  continues)  eft  fort  eloign*  de  eclui  qu'on  defignt  par  la 
11  fulmination."    Annates  de  Cbimie,  torn,  u  p.  57* 

a  (by 
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(by  predifpofing  affinity)  Favour,  as  well  as  attraft,  an  acid  combination,  of  the  hydrogen 
of  the  one;  and  the  oxygen  of  the  other.  The  pure  red  oxide  of  mercury  appeared  not 
unfit  for  this  purpofe  ;  il  was  therefore  intermixed  with  alcohol,  and  upon  both,  nitric  acid 
was  affufed.  The  .acid  did  not  aft  upon  the  alcohol  fo  immediately  as  when  thefe  fluids 
are  alone  mixed  together,  but  firft  gradually  difiblved  the  oxide :  however,  after  fome 
minutes  had  elapfed,  a  fmcll  of  ether  was  perceptible,  and  a  white  denfe  fmoke,  much 
refembling  that  from  the  liquor  fumans  of  Libavius,  was  emitted  with  ebullition.  The 
mixture  then  drew  down  a  dark-coloured  precipitate,  which  by  degrees  became  nearly 
white.  This  precipitate  I  feparated  by  filtration :  and,  obferving  it  to  be  cryftallized  in 
fmall  acicular  cryftals,  of  a  faline  tafte,  and  alfb  finding  a  part  of  the  mercury  volatilized  in 
the  white  fumes,  I  mud  acknowledge  I  was  not  altogether  without  hopes  that  muriatic 
acid  had  been  formed,  and  united  to  the  mercurial  oxide.  I  therefore,  for  obvious 
reafons,  poured  fulphuric  acid  upon  the  dried  cryftalline  mafs,  when  a  violent  effervefcenee 
enfued,  and,  to  my  great  aftoniihment,  an  explofion  took  place. 

The  Angularity  of  this  explofion  induced  me  to  repeat  the  procefs  feveral  times ;  and, 
finding  that  I  always  obtained  the  fame  kind  of  powder,  I  prepared  a  quantity  of  it,  and 
was  led  to  make  the  feries  of  .experiments  which  I  (hall  have  the  honour  to  relate  in  this 
paper. 

SECTION    HI. 

I  firft  attempted  to  make  the  mercurial  powder  fulminate  by  concuffion ;  and  for  that 
purpofe  laid  about  a  grain  of  it  upon  a  cold  anvil,  and  ftruck  it  with  a  hammer,  likewife 
cold :  it  detonated  flightly,  not  being,  as  I  fuppofe,  ftruck  with  a  flat  blow ;  for,  upon 
ufing  3  or  4  grains,  a  very  ftunning  difagreeable  noife  was  produced,  and  the  faces  both  of 
the  hammer  and  the  anvil  were  much  indented. 

Half  a  grain  or  a  grain,  if  quite  dry,  is  as  much  as  ought  to  be  ufed  on  fuch  an  occafion. 

The  (hock  of  an  ele&rical  battery,  fent  through  5  or  6  grains  of  the  powder,  produces  a 
very  fimilar  efieft :  it  feems  indeed,  that  a  ftrong  ele&rical  (hock,  generally  ads  on  ful- 
minating fubftances  like  the  blow  of  a  hammer.  Meflrs.  Fourcroy  and  Vauquelin  found 
this  to  be  the  cafe  with  all  their  mixtures  of  oxymuriate  of  potafti  *. 

To  afcertain  at  what  temperature  the  mercurial  powder  explodes,  2  or  3  grains  of  it 
were  noated  on  oil,  in  a  capfule  of  leaf  tin ; .  the  bulb  of  a  Fahrenheit's  thermometer  was 
made  juft  to  touch  the  furface  of  the  oil,  which  was  then  gradually  heated  till  the  powder 
exploded,  as  the  mercury  of  the  thermometer  reached  the  368th  degree. 

SECTION    IV. 

Defirous  of  comparing  the  ftrength  of  the  mercurial  compound  with  that  of  gunpowder, 
I  made  the  following  experiment,  in  the  prefence  of  my  friend  Mr.  Abernethy. 

*  Annates  de  Cbimie,  ton.  xxi.  p.  t^. 

Finding 
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Finding  that  the  powder  could  be  fired  by  flint  and  fteel,  without  a  difagreeable  noifc, 
s  common  gunpowder  proof,  capable  of  containing  eleven  grains  of  fine  gunpowder,  was 
filled  with  it,  and  fired  in  the  ufual  way :  the  report  was  (harp,  but  not  loud.  The 
perfon  who  held  the  inftrument  in  his  hand  felt  no  recoil ;  but  the  explofion  laid  open  tke 
upper  part  of  the  barrel,  nearly  from  the  touch-hole  to  the  muz2le,  and  (buck  off  the 
band  of  the  regifter,  the  furface  of  which  was  evenly  indented,  to  the  depth  of  o,x  of  an 
inch,  as  if  it  had  received  the  impreflion  of  a  punch. 

The  inftrument  ufed  in  this  experiment  being  familiarly  known,  it  is  therefore  fcarcely 
necefiary  to  defcribe  it ;  fuffice  it  to  fay,  that  it  was  of  brafs,  mounted  with  a  fpring 
regifter,  the  moveable  hand  of  which  clofed  up  the  muzzle,  to  receive  and  graduate  the 
violence  of  the  explofion.  The  barrel  was  half  an  inch  in  caliber,  and  nearly  half  an  inch 
thick,  except  where  a  fpring  of  the  lock  impaired  half  its  thicknefs. 

SECTION    V. 

.  *  *  * 

A  gun  belonging  to  Mr.  Keir,  an  ingenious  artift  of  Camden-town,  was  next  charged 
with  17  grains  of  the  mercurial  powder,  and  a  leaden  bullet.  A  block  of  wood  was  placed 
at  about  eight  yards  from  the  muzzle*  to  receive  the  ball,  and  the  gun  was  fired  by  a  fufe. 
No  recoil  feemed  to  have  taken  place ;  as  the  barrel  was  not  moved  from  its  pofition, 
although  it  was  in  no  ways  confined.  The  report  was  feeble :  the  bullet,  Mr.  Keir  con- 
ceived, from  the  impreflion  made  upon  the  wood,  had  been  proje&ed  with  about  half  the 
force  it  would  have  been  by  an  ordinary  charge,  or  68  grains,  of  the  beft  gunpowder* 
We  therefore  recharged  the  gun  with  34  grains  of  the  mercurial  powder:  and,  as  the 
great  ftrength  of  the  piece  removed  any  apprehenfion  of  danger,  Mr.  Keir  fired  it  from  his 
(houlder,  aiming  at  the  fame  block  of  wood.  The  report  was  like  the  firft  in  S6&ion  IV. 
(harp,  but  not  louder  than  might  have  been  expc&ed  from  a  charge  of  gunpowder.  For*. 
tunately,.  Mr.  Keir  was  not  hurt,  but  the  gun  was  burft  in  an  extraordinary  manner.  The 
breech  was  what  is  called  a  patent  one,  of  the  beft  forged  iron,  confiding  of  a  chamber  0,4 
of  an  inch  thick  all  round,  and  0,4  of  an  inch  in  caliber  •,  it  was  torn  open  and  flawed  in' 
many  dire&ions,  ^md  the  gold  touch-hole  driven  out.  The  barrel,  into  which  the  breech 
was  fcrewed,  was  0,5  of  an  inch  thick  *,  it  was  fplit  by  a  fingle  crack  three  inches  long, 
but  this  did  not  appear  to  me  to  be  the  immediate  effed  of  the  explofion*  I  think  the 
(crew  of  the  breech,  being  fuddenly  enlarged,  a&ed  as  a  wedge  upon  the  barrel.  The  ball 
miffed  the  block  of  wood,  and  (truck  againft  a  wall,  which  had  already  been  the  receptacle 
of  fo  many  bullets,  that  we  could  not  fatisfy  ourfelves  about  the  impreflion  made  by 
thislaft 

S  E  C  TI  ON    VI. 

As  it  was  pretty  plain  that  no  gun  could  confine  a  quantity  of  the  mercurial  powder. 
Efficient  to  project  a  bullet,  with  a  greater  force  than  an  ordinary  charge  of  gunpowder, 
I  determined  to  try  its  comparative  ftrength  in  another  way. 

I  .procured 
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I  procured  two  blocks  of  wood,  very  nearly  of  the  fame  fize  and  (Irehgth*  and  bored 
them  with  the  fame  inftrument  to  the  fame  depth.  The  one  was  charged  with  half  an 
ounce  of  the  bed  Dart  ford  gunpowder,  and  the  other  with  half  an  ounce  of  the  mercurial 
powder ;  both  were  alike  buried  in  fand,  and  fired  by  a  train  communicating  with  the 
powders  by  a  fmall  touch-hole.  The  block  containing  the  gunpowder  was  fimply  fplit 
into  three  pieces :  that  charged  with  the  mercurial  powder  was  burfl  in  every  direction, 
and  the  parts  immediately  contiguous  to  the  powder  were  absolutely  pounded,  yet  the 
whole  hung  together,  whereas  the  block  fplit  by  the  gunpowder  had  its  parts  fairly 
feparated.  The  fand  furrounding  the  gunpowder  was  undoubtedly  the*  moil  difturbed  :  in 
fliort,  the  mercurial  powder  appeared  to  have  a&ed  with  the  greateft  energy,  but  only 
within  certain  limits* 

SECTION    VII. 

The  efle&s  of  the  mercurial  powder,  in  the  laft  experiments,  made  jne  believe  that  it 
might  be  confined,  during  its  expiofion,  in  the  centre  of  a  hollow  glafs  globe.  Having 
therefore  provided  fuch  a  veflel,  7  inches  in  diameter,  and  nearly  half  an  inch  thick, 
mounted  with  brafs  caps,  and  a  (lop  cock,  (fee  Plate  VII.)  I  placed  10  grains  of  the  mer- 
curial powder  on  very  thin  paper,  laid  an  iron  wire  149th  of  an  inch  thick  acrofs  the 
paper,  through  the  mid  ft  of  the  powder,  and,  clofing  the  paper,  tied  it  fail  at  both  ex* 
tremities,  with,  (ilk,  to  the  wire.  As  the  inclofed  powder  was  now  attached  to  the  middle 
of  the  wire,  each  end  of  which  was  conne&ed  with  the  brafs  caps,  the  packet  of  powder 
became,  by  this  difpofition,  fixed  in  the  centre  of  the  globe.  Such  a  charge  of  an  electrical 
battery  was  then  fent  along  the  wire,  as  a  preliminary  experiment*  had  (hewn  me  would, 
by  making  the  wire  red-hot,  inflame  the  powder.  The  glafs  globe  withflood  the  expiofion, 
and  of  courfe  retained  whatever  gafes  were- generated:  its  interior  was  thinly  coated  with 
quickfilver  in  a  very  divided  (late.  A  bent  glafs  tube  was  now  fcrewed  to  the  (lop-cock  of 
the  brafs  cap,  which  being  introduced  under  a  glafs  jar  (landing  in  the  mercurial  bath,  the 
(lop-cock  was  opened.  Three  cubical  inches  of  air  rufhed  out,  and  a  fourth  was  fet  at 
liberty  when  the  apparatus  was  removed  to  the  water-tub.  The  expiofion  being  repeated, 
and  the  air  all  received  over  water,  the  quantity  did  not  vary.  To  avoid  an  error  from 
change  of  temperature,  the  glafs  globe  was,  both  before  and  after  the  expiofion,  immerfed 
m  water  of  the  fame  temperature.  It  appears  therefore,  that  the  ten  grains  of  powder, 
produced  four  cubical  inches  only  of  air. 

To  continue  the  comparifon  between  the  mercurial  powder  and  gunpowder,  10  grains  of 
the  bed  Dartford  gunpowder  were  in  a  fimilar  manner  fet  fire  to  in  the  glafs  globe :  it 
remained  entire.  The  whole  of  the  powder  did  not  explode,  for  fome  complete  grains 
were  to  be  obferved  adhering  to  the  interior  furface  of  the  glafs.  Little  need  be  faid  of 
the  nature  of  the  gafes  generated  during  the  combuftion  of  gunpowder :  they  muft  have 

•  With  Mr.  Cuthbertfoa'<  cleftromttcr. 

been, 
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Veen,  carbonic  acid  gas,  fulphureous  acid  gas,  nitrogen  gas,  and  (according  to  Lavoificr  *) 
perhaps  hydrogen  gas.  As  to  the  quantity  of  thefe  gafes,  it  is  obvious  that  it  could  not  be 
ascertained  ;  becaufe  the  two  firft  were,  at  lead  in  part,  fpeedily  abforbed  by  the  alkali  of 
the  nitre,  left  pure  after  the  decompofition  of  its  nitric  acid. 

SECTION    VIII. 

From  the  experiments  related  in  the  4th  and  5th  fe&ions,  in  which  the  gunpowder 
proof  and  the  gun  were  burft,  it  might  be  inferred,  that  the  aftoniflung  force  of  the  mer- 
curial powder  is  to  be  attributed  to  the  rapidity  of  its  combuftion ;  and,  a  train  of  feveral 
inches  in  length  being  confumed  in  a  (ingle  fla(h,  it  is  evident  that  its  combuftion  mud  be 
rapid.  From  the  experiments  of  the  6th  and  7th  fe&ions,  it  is  fufficiently  plain  that  this 
force  is  reftrained  to  a  narrow  limit ;  both  becaufe  the  block  of  wood  charged  with  the 
mercurial  powder  was  more  (nattered  than  that  charged  with  the  gunpowder,  whilft  the 
fand  furrounding  it  was  leaft  difturbed ;  and  likewife  becaufe  the  glafs  globe  withftood  the 
explofion  of  10  grains  of  the  powder  fixed  in  its  centre  :  a  charge  I  have  twice  found 
fufficient  to  deftroy  old  piftol  barrels,  which  were  not  injured  by  being  fired  when  full  of 
the  belt  gunpowder.  It  alfo  appears,  from  the  lad  experiment,  that  10  grains  of  the 
powder,  produced  by  ignition  four  cubical  inches  only  of  air*,  and  it  is  not  to  be  fuppofed 
that  the  generation,  however  rapid,  of  four  cubical  inches  of  air,  will  alone  account  for 
the  defcribed  force ;  neither  can  it  be  accounted  for  by  the  formation  of  a  little  water, 
which,  as  will  hereafter  be  (hewn,  happens  at  the  fame  moment:  the  quantity  formed 
from  10  grains  mult  be  fo  trifling,  that  I  cannot  afcribe  much  force  to  the  expanfion  of  its 
vapour.  The  fudden  vaporization  of  a  part  of  the  mercury,  feems  to  me  a  principal  caufe 
of  this  immenfe  yet  limited  force ;  becaufe  its  limitation  may  then  be  explained,  as  it  is 
well  known  that  mercury  eaflly  parts  with  caloric,  and  requires  a  temperature  of  600  de- 
grees of  Fahrenheit,  to  be  maintained  in  the  vaporous  ftate.  That  the  mercury  is  really 
converted  into  vapour,  by  ignition  of  the  powder,  may  be  inferred  from  the  thin  coat  of 
divided  quickfilver,  which,  after  the  explofion  in  the  glafs  globe,  covered  its  interior 
furface ;  and  likewife  from  the  quickfilver  with  which  a  tallow  candle,  or  a  piece  of  gold, 
may  be  evenly  coated,  by  being  held  at  a  fmall  diftance  from  the  inflamed  powder.  Thefe 
fa£te  certainly  render  it  more  than  probable,  although  they  do  not  demonftrate,  that  the 
mercury  is  volatilized ;  becaufe  it  is  not  unlikely  that  many  mercurial  particles  are  mecha- 
nically impelled  againft  the  furface  of  the  glafs,  the  gold,  and  the  tallow. 

As  to  the  force  of  dilated  mercury,  Mr.  Baume  relates  a  remarkable  inftance  of  it, 

as  follows. 

"  Un  alchymifte  fe  prefenta  &  Mr.  Geoffroy,  et  l'afiura  qu'il  avoit  trouve  le  moyen  de 
u  fixer  le  mercure  par  une  operation  fort  fimple.    II  fit  conftruire  fix  boites  jrondes  en  fer 

*  See  Lavoificr,  Traite  eUmttttaire,  p;  517. 
Vox.  IV.— July  1800.  A  a  "  fort 
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"  fort  epais,  qui  entroient  les  unes  dans  les  autres  5  la  derniere  etoit  aflujettie  par  deux 
u  cercles  de  fcr  qui  fe  croifoient  en  angles  droits.  On  avoit  mis  quelqucs  livres  dc  mer- 
cc  cure  dans  la  capacite  de  la  premiere :  on  mit  cet  appareil  dans  un  fourneau  affez  rempli 
C(  de  charbon  pour  faire  rougir  a  blanc  les  boites  de  fer ;  mais,  lorfque  la  chaleur  eut 
cc  penetre  fuffifamment  lc.  mercure,  les  boites  creverent,  avec  une  telle  explofion  qu'il  fe 
<c  fit  un  bruit  epouvantable :  des  morceaux  de  boites  furent  lances  avec  tant  de  rapidite, 
a  qu'il  y  en  eut  qui  paflerent  au  travers  de  deux  planchers :  d'autres  firent  fur  la  muraille 
fl  des  effets  fcmblables  &  ccux  des  eclats  de  bombes  *." 

•         (To  be  continued.) 
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VIII. 

Ancient  Account  of  Parhelia  feen  in  Cumberland.    Communicated  by  Mr.  H.  Sargeait*. 

To  Mr.  NICHOLSON. 
SIR, 

JL  HE  following  is  copied  from  a  manufcript  written  in  the  beginning  of  the  17th  cen- 
tury, and  now  in  the  library  belonging  to  the  Grammar  School  of  St.  Bees.  As  it  relates 
to  a  phenomenon  which  is  extremely  rare,  and  in  this  inftance  probably  not  elfewhere  re- 
corded, I  fend  it  to  you  for  infertion,  if  you  think  proper,  in  your  valuable  Journal,  toge- 
ther with  a  copy  of  the  figure  (PI.  VIII.  Fig.  4.)  which  accompanies  it. 

I  am,  Sir, 

Your  humble  Servant, 

Whitehaven,  \Jt  of  June  1800.    .  H.  SARGEANF. 

Upon  the  8th  day  of  May,  anno  1597,  in  Copland,  (a  diftrifl:  of  Cumberland)  was 
feene  aboute  the  funne,  beinge  fome  two  houres  from  fettinge,  and  entringe  into  a  thick 
cloude  three  parrhelii,  or  refemblances  of  the  funne,  the  brighteft  towards  the  north,  the 
two  other,  one  towards  the  fouth,  and  the  other  towards  the  eafle,  and  in  a  thinnc  whitifh 
cloude,  hardly  able  to  be  difcerned,  appeared  like  a  rayne-bowe,  a  pretye  diftance  from 
each  of  the  faid  parrhelii.  Thefe  towards  the  north  and  fouth  did  feeme  to  be  dire£h 
ftreight,  without  any  compaffinge  or  bowinge  in  towards  the  endes,  but  ftoode  like  direft 
lynes  from  the  fouth  towards  the  north.  The  one  of  them  turned  with  his  brightneffe 
towards  the  other,  but  the  rayne-bowe,  which  was  eaftward  from  the  eafte  parrhelios,  did 
bowe  or  compafle  eaftward  dire&ly  from  the  funnwards,  and  from  the  parrhelios,  which 
fecmed  contrary  to  the  nature  of  all  other  rayne-bowes  which  ever  I  fa  we. 

N.  B.  The  writer  is  fuppofed  to  be  the  Rev.  Mr.  Copeland,  a  graduate  of  Oxford, 
about  the  year  1600. 

*  Cbymie  experimental  et  raifmni>  torn.  ii.  p.  393.    Paris,  8°,  1773. 
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» 

Account  of  the  new  EUSricalor  Galvanic  Apparatus  of  Sig.  Alex.  Volta%  and  Experiments 

ptrformd  with  the  fame.— -W.  N. 


F, 


ROM  motives  of  delicacy  to  the  inventor  of  the  mod  curious  and  important  combina- 
tion hereafter  to  be  defcribed,  I  forbore  giving  an  account  of  its  conftru&ion  and  efFefts  in 
the  laft  number  of  this  Journal,  though  it  has  now  been  a  fubjett  of  great  attention  among 
philofophers  for  near  two  months.  It  appeared  proper  to  avoid  the  publication  of  fa&s,  ' 
originally  flowing  from  the  liberal  communication  of  the  worthy  prefident  of  the"  Royal 
Society,  until  the  paper  of  the  inventor  had  been  read  to  that  learned  body ;  and  this  could 
not  be.  done  till  very  lately,  becaufe  the  latter  part  of  his  memoir  did  not  arrive  till  long 
after  the  firft  four  pages. 

The  Right  Honourable  Sir  ].  Banks,  Bart.  P.  R.  S.  having  favored  my  friend  Anthony 
CarliGe,  Efq.  with  the  perufal  and  confideration  of  thefe  four  pages  at  the  latter  end  of  laft 
April,  I  had  the  pleafurc  to  look  them  over  with  him,  immediately  after  which  he  con* 
ftru&ed  an  inftrument  according  to  Sig.  Volta's  dire&ions.  The  experiments  made  with 
this  will  form  part  of  the  prefent  communication  ;  but  in  the  firft  place,  I  (hall  endeavour 
tq  relate  the  leading  particulars  of  the  communication  made  to  the  Royal  Society,  which 
no  doubt  will  hereafter  appear  at  large  in  their  Tranfa&ions. 

The  portion  of  letter  which  firft  arrived  from  Sig.  Volta,  is  dated  from  Como  in  the 
Milanefe,  March  20,  1800.  This,  together  with  the  fubfequent  parts,  contains  a  detailed 
account  of  the  inftrument,  of  which  the  following  is  one  of  the  mod  convenient  forms. 

Take  any  number  of  plates  of  copper,  or  which  is  better  of  Giver,  and  an  equal  number 
of  tin,  or  which  is  much  better,  zinc,  and  a  like  number  of  difes,  or  pieces  of  card  or 
leather,  or  cloth  *,  or  any  porous  fubftance  capable  .of  retaining  moifture.  Let  thefe  laft 
be  foaked  in  pure  water,  or  which  is  better,  fait  and  water,  or  alkaline  lees.  The  filver  or 
copper  may  be  pieces  of  money  f.  Build  up  a  pile  of  thefe  pieces  ;  namely,  a  piece  of 
filver,  a  piece  of  zinc,  and  a  piece  of  wet  card  :  then  another  piece  of  filver,  a  piece  of 
zinc,  and  a  piece  of  wet  card  :  and  fo  forth,  in  the  fame  order  (or  any  other  order,  pro- 
vided the  pieces  fucceed  each  other  in  their  turn)  till  the  whole  number  intended  to  be 
made  ufe  of  is  builded  up.     The  inftrument  is  then  completed. 

In  this  ftate  it  will  afford  a  perpetual  current  of  electricity,  through  any  conductor  com- 
municating between  its  upper  and  lower  plates  ;  and  if  this  condu£lor  be  an  animal,  it  will 
receive  an  ele&rical  (hock  as  often  as  the  touch  is  made,  by  which  the  circuit  is  com- 

*  Woollen  or  linen  cloth  appear  to  be  more  durable,  and  more  lpeedily  foaked  than  card. 

f  Moft  of  our  philofophers  have  ufed  half  crowns  for  the  filver  plates.  The  zinc  may  be  bought  at 
Id.  per  lb.  at  the  White  Lion  in  Fofter  Lane,  and  caft  in  moulds  of  done  or  chalk.  A  pound  makes 
twenty  thick  pieces  of  the  diameter  of  half  a  crown,  or  j.  3  inches  diameter. 
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pitted.  Thus  if  one  hand  be  applied  to  the  lower  plate,  and  the  other  to  the  upper,  the 
operator  will  receive  a  (hock,  and  that  as  often  as  he  pleafes  to  lift  his  finger  and  put  it 
down  again. 

This  (hock  refembles  the  weak  charge  of  a  battery  of  immenfe  furface,  and  its  intenfity 
is  fo  low,  that  it  cannot  make  its  way  through  the  dry  (kin.  It  is,  therefore,  neceffary 
that  a  large  furface  of  each  hand  (hould  be  well  wetted,  and  a  piece  of  metal  be  grafped  in 
each,  in  order  to  make  the  touch,  or  elfe  that  the  two  extremities  of  the  pile  (hould  com- 
municate with  feparate  vcffels  of  water,  in  which  the  hands  may  be  plunged. 

The  commotion  is  ftrongcr  the  more  numerous  the  pieces.  Twenty  pieces  will  give  a 
(hock  in  the  arms,  if  the  above  precautions  be  attended  to.  One  hundred  pieces  may  be 
felt  to  the  (houlders.  The  current  of  ele&ricity  a&s  on  the  animal  fyftem  while  the 
circuit  is  complete,  as  wejl  as  during  the  indant  of  commotion,  and  the  a&ion  is  abomi- 
nably painful  at  any  place  where  the  (kin  is  broken. 

That  the  energy  of  the  apparatus  is  the  effe&  of  an  ele&ric  ftream  or  current,   is 
proved  by  the  condenfer  with  which  Sig.  V.   afcertained  the  kind  of  the  ele&ricity  and 
obtained  its  fpark.     He  finds  the  a&ion  dronged,  or  moft  pungent,    on  wounds  on  the 
minus  fide  of  the  apparatus,  or  where  the  wounds  give  out  ele&ricity,  a  fa&  aifo  ofr* . 
ftrvable  in  the  common  ele&ric  fpark. 

The  theory  of  the  learned  inventor,  if  I  rightly  apprehend  him,  is,  that  it  is  a  property 
of  fuch  bodies  as  differ  in  their  power  of  conducing  ele&ricity,  that  when  they  are 
brought  into  eonta&  they  will  occafion  a  ftream  of  the  ele&ric  matter.  So  that  if  zinc 
and  diver  be  made  to  communicate  immediately  by  conta&,  there  will  be  a  place  of  good 
conducting  energy ;  and  if  they  be  made  to  communicate  mediately  by  means  of  water, 
there  will  be  a  place  of  inferior  conducing  energy  :  and  wherever  this  happens  there  wilt 
be  a  dream  or  current  produced  in  the  general  (lock  of  ele&ricity.  This  is  not  deduced 
as  the  confequence  of  other  more  fimple  fa&s  \  but  is  laid  down  as  a  general  or  fimple 
principle  grounded  on  the  phenomena. 

As  the  current  of  ele&ricity  will  be  refitted  by  the  different  condu&ors,  he  remarks  that 
the  metals  may  touch  in  a  fingle  point,  or  be  foWered  together ;  but  that  the  humid  furfaces 
mull  be  more  extended. 

By  many  experiments,  he  finds  that  the  confequences  are  the  fame  whether  die  zinc  and 
filver  touch  each  other,  or  whether  the  communication  be  made  by  fevefal  different 
metals,  provided  the  water  be  in  conta&  with  the  zinc  and  the  filver  only. 

Where  zinc  is  ufed,  fait  water  is  preferable  to  alkaline  lees,  but  the  contrary  when  tin 
is  made  ufe  of  inftead  of  the  zinc. 
The  effe&  is  much  increafed  by  elevation  of  temperature* 

He  was  furprized  to  find  that  the  galvanic  flafli  of  light  was  no  greater  with  this  apparatus 
than  with  a  pair  of  plates  \  but  it  was  produced  when  the  condu&or  of  the  circuit  was 
applied  to  any  part  of  the  face,  or  even,  to  the  bread.  The  ftrongeft  a&ion  was  when* 
the  touching  plate  was  held  between  the  teeth,  fo  as  to  lie  upon  the  tongue*    In  this  cafe- 
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the  lips  and  tongue  were  convulfcd,  the  flafh  appeared  before  the  eyes,  and  the  tafte  was 
perceived  in  the  mouth. 

Two  blunt  probes  were  inferted  in  the  ears,  and  the  (hock  pafled  through  the  head, 
after  which  the  communication  was  kept  up.  A  peculiar  found,  like  crackling  or  boiling, 
was  heard  ;  but  the  author  did  not  think  it  prudent  to  make  this  experiment  repeatedly. 

The  fenfe  of  fmell  could  not  be  excited,  becaufc,  as  Sig.  V.  remarks,  this  electricity 
cannot  be  made  to  diffufe  itfelf  in  the  air. 

As  the  difes  become  dry,  and  lofe  their  power,  Sig.  V.  endeavoured  to  prevent  this 
effect  by  inclofing  the  column  in  wax  or  pitch,  and  in  this  he  has  fo  far  fucceeded,  that 
he  has  fitted  up  two  columns  of  twenty  pieces  each,  which  have  acted  well  for  fome  weeks, 
and  he  hopes  will  for  months. 

The  combination,  which  he  thinks  the  mod  indructive, .  confids  of  a  row  of  glaflcs  or 
cups  (not  of  metal)  containing  warm  water  or  brine.  Into  each  of  thefe  is  plunged  a  plate' 
of  zinc  and  another  of  filver,  not  touching  each  other.  From  thefe  plates  refpectively  pro- 
ceed tails  or  prolongations,  which  communicate  with  or  touch  the  plates  of  the  outer  glafles 
in  fuch  a  manner,  that  the  zinc  of  the  firft  cup  communicates  with  the  filver  of  the 
fecond  ;  the  zinc  of  the  fecond  with  the  filver  of  the  third ;  the  zinc  of  the  third,  &c. 
progreflively  and  regularly  through  the  whole  row.  The  communication  between  the  firft 
and  laft  glafles  gives  the  (hock,  &c.  The  plates  in  the  fluid  are  directed  to  be  about  an 
inch  fquare ;  but  the  contacts  above  the  water  may  be  as  fmail  as  the  operator  pleafes. 

Sig.  Volta  makes  honourable  mention  of  my  conjectural  theory  of  the  torpedo  *.  After 
remarking  that  my  inductions  were  the  mod  probable  that  the  exiiling  theory  of  electricity 
could  at  that  time  afford,  he  proceeds  to  make  various  objections  needlefs  to  be  here 
detailed,  and  then  offers  his  own  new  and  driking  apparatus  as  more  nearly  refembling  the 
torpedinal  organ.  I  need  not  anticipate  the  reader  in  the  happy  points  of  refemblance 
between  their  dru&ure  and  effects. 

•Thus  far  I  have  followed  this  able  philofopher;  who,  to  his  former  refearches  into  the 
nature  and  laws  of  electricity,  has  now  added  a  difcovery  which  mud  for  ever  remove  the 
doubt  whether  galvanifm  be  an  electrical  phenomenon.  But  I  cannot  here  look  back 
without  fome  furprize,  and  obferve  that  the  chemieal  phenomena  of  galvanifm,  which 
had  been  much  fo  infifted  on  by  Fabbroni  f,  more  efpecially  the  rapid  oxidation  of  the 
zinc,  (hould  conftitute  no  part  of  his  numerous  obfervations. 

On  the  30th  of  April,  Mr.  Carliflehad  provided  a  pile  confiding  of  17  half  crowns,  with' 
alike  number  of  pieces  of  zinc,  and  of  padeboard,  foaked  in  fait  water.  Thefe  were 
arranged  in  the  order  of  filver,  zinc  card,  &c.  which  order  I  (hall  denote  by  faying,  that  the 
filver  was  undermod,  that  is  to  fay,  under  the  zinc ;  and  I  make  this  remark  becaufc  fome 
philofophers  have  ufed  the  expreffion  that  the  filver  was  undermod  when  they  ufed  the 
order  of  filver,  card  zinc,  &c.  which,  as  the  reader  will  eafily  perceive,  is  contrary  to  the 
order  here  fpoken  of.    This  is  of  no  confequence  to  the  effect;  though  it  is  material  to  a 

*  Philosophical  Journal,  I.  35*.  f  Philofophical  Journal,  IV.  no. 
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clear  underflanding  of  the  terms  we  ufe.  Thitf  pile  gave  us  the  (hock  as  before  defcribed, 
and  a  very  acute  fenfation  wherever  the  (kin  was  broken.  Our  firft  refcarch  was  directed 
to  afcertain  that  the  (hock  we  felt  was  really  an  electrical  phenomenon.  For  this  purpofe 
'  the  pile  was  placed  upon  Bennett's  gold  leaf  electrometer,  and  a  wire  was  then  made  to 
communicate  from  the  top  of  the  pile  to  the  metallic  (land  or  foot  of  the  inftrument.  So  . 
that  the  circuit  of  die  fhock  would  have  been  through  the  leaves,  if  they  had,  diverged. 
But  no  figns  of  electricity  appeared.  Recourfe  was  then  had  to  the  revolving  doubler, 
defcribed  at  page  95  of  our  prefent  volume.  The  plate  A  was  connected  with  the  top  of 
the  electrometer  and  the  filver  end  of  the  pile  \  and  the  plate  B  and  ball  were  made  to 
touch  the  top  of  the  fyftem  by  an  uninfulated  brafs  wire.  The  doubler  had  been  previoufly 
cleared  of -electricity  by  twenty  turns  in  connection  with  the  earth.  The  negative  diverg- 
ence was  produced  in  the  electrometer.  Repeated  experiments  of  this  kind  (hewed  that 
the  filver  end  was  in  the  minus,  and  the  zinc  end  in  the  plus  (late. 

In  all  thefe  experiments  it  was  obferved,  that  the  action  of  the  inftrument  w^s  freely 
tranfmitted  through  the  ufual  conductors  of  electricity,  but  (lopped  by  glafs  and  other 
non-conductors.  Very  early  in  this  courfc,  the  contacts  being  made  fure  by  placing  a 
drpp  of  water  upon  the  upper  plate,  Mr.  Carlifle  obferved  a  difengagement  of  gas  round  the 
touching  wire.  This  gas,  though  very  minute  in  quantity,  evidently  feeraed  to  me  to  have 
the  fmell  afforded  by  hydrogen  when  the  wire  of  communication  was  fteel.  This,  with 
fome  other  facts,  led  me  to  propofe  to  break  the  circuit  by  the  fubtlitution  of  a  tube  of 
water  between  two  wires.  On  the  2d  of  May  we,  therefore,  inferted  a  brafs  wire  through 
each  of  two  corks  inferted  in  a  glafs  tube  of  half  an  inch  internal  diameter.  The  tube 
was  filled  with  New  river  water,  and  the  diftance  between  the  points  of  the  wires  in  the 
water  was  one  inch  and  three  quarters.  This  compound  difcharger  was  applied  fo  that  the 
external  ends  of  its  wire  were  in  contact  with  the  two  extreme  plates  of  a  pile  of  thirty-fix 
half  crowns  with  the  correfpondent  pieces  of  zinc  and  paiteboard.  A  fine  dream  of  minute 
bubbles  immediately  began  to  flow  from  the  point  of  the  lower  wire  in  the  tube,  which 
communicated  with  the  filver,  and  the  oppofite  point  of  the  upper  wire  became  tarnifhed, 
firft  deep  orange,  and  then  black.  On  reverfing  the  tube,  the  gas  came  from  the  other 
point,  which  was  »now  lowed,  while  the  upper  in  its  turn  became  tarnifhed  and  black. 
Reverfing  the  tube  again,  the  phenomena  again  changed  their  order.  In  this  ftate  the 
whole  was  left  for  two  hours  and  a  half.  The  upper  wire  gradually  emitted  whitiih  filmy 
clouds,  which,  towards  the  end  of  the  procefs,  became  of  a  pea  green  colour,  and  hung  in 
perpendicular  threads  from  the  extrerne  half  inch  of  the  wire,  the  water  being  rendered  fe-  . 
miopaque  by  what  fell  off*,  and  in  a  great,  part  lay,  of  a  pale  green,  on  the  lower  furface  of 
the  tube,  which,  in  this  difpofition  of  the  apparatus,  was  inclined  about  forty  degrees  to 
the  horizon.  The  lower  wire  of  three  quarters  of  an  inch  long,  conftantly  emitted  gas, 
except  when  another  circuit,  or  complete  wire,  was  applied  to  the  apparatus  ;  during  which 
tin\e  the  emiflion  of  gas  was  fufpended.  When  this  laft  mentioned  wire  was  removed,  the 
gas  re-appeared  as  before,  not  inftantly,  but  after  the  lapfe  of  four  beats  of  a' half  fecond 
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clock  (landing  in  the  room.  The  produft  of  gas9  during  the  whole  two  hours  and  a  half, 
was  two-thirtieths  of  a  cubic  inch.  It  was  then  mixed  with  an  equal  quantity  of  common 
air,  and  exploded  by  the  application  of  a  lighted  waxed  thread. 

It  might  fee'm  almoft  unneceflary  to  have  reverfed  the  order  of  the  pile  in  building  up,  as 
reverfing  the  tube  muft  have  anfwered  exactly  the  fame  purpofe.  We  chofe,  however,  to 
do  this,  and  found  that  when  the  zinc  was  at  the  bottom,  its  effefts  were  reverfed,  thto  is  to 
fay,  the  gas  ftill  came  from  the  wire  communicating  with  the  filver,  &c. 

We  had  been  led  by  our  reafoning  on  the  firft  appearance  of  hydrogen  to  expeft  a  de- 
compofition of  the  water;  but  it  was  with  no  little  furprize  that  we  found  the  hydrogen 
extricated  at  the  contaft  with  one  wire,  while  the  oxigen  fixed  itfelf  in  combination  with 
the  other  wire  at  the  diftance  of  almoft  two  inches.     This  new  fa£t  ftill  remains  to  be  ex- 
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plained,  and  feems'  to  point  at  fpme  general  law  of  the  agency  of  ele&ricity  in  chemical 
operations.  As  the  diftance  between  the  wires  formed  a  ftriking  feature  in  this  refult,  it 
became  defirable  to  ascertain  whether  it  would  take  place  to'  greater  diftances.  When1  a 
tube  three  quarters  of  an  inch  in  diameter,  and  thirty-fix  inches  long,  was  made  ufe  of, 
the  effeft  failed,  though  the  very  fame  wires,  inferred  into  a  (horter  tube,  operated  very 
brifkly.  The  folicitation  of  other  obje£h  of  enquiry  prevented  trial  being  made  of  all  the 
various  intermediate  diftances ;  but  from  the  general  tenet  of  experiments,*  it  appears  to 
be  eftablifhed,  that  this  decompofition  is  more  efrcftual  the  lefs  the  diftance  between  the 
wires,  but  that  it  ceafes  altogether  when  the  wires  come  into  contad. 

May  6. — Mr.  Carlifle  repeated  the  experiment  with  copper  wires  and  tin&ure  of  litmuf. 
The  oxidating  wire,  namely,  from  the  zinc  fide,  was  the  lowed  in  the  tube ;  it  changed 
the  tinfture  red  in  about  ten  minutes  as  high  as  the  upper  extremity  of  the  wire.  The 
other  portion  remained  blue.  Hence  it  feems  either  an  acid  was  formed,  or  that  a  pprtion 
of  the  oxigen  combined  with  the  litmus,  fo  as  produce  the  effect  of  an  acid. 

It  may  be  here  offered  as  a  general  remark,  that  the  ele&ric  pile  with  card,  or  with 
woollen  cloth,  continues  in  order  for  about  two  days,  or  fcarcely  three ;  that  from  a  feries  of 
glaffes  fet  up  by  Mr.  Carlifle,  as  well  as  from  the  pile  itfelf,  it  appears  that  the  fame 
procefs  of  decompofition  of  water  is  carried  on  between  each  pair  of  plates,  the  zinc  being 
oxided  on  the  wet  face,  and  hydrogen  given  out ;  that  the  common  fait  is  decompofed, 
and  exhibits  an  efHorefcence  of  foda  round  the  edges  of  the  pile,  extruded,  mod  probably, 
by  the  hydrogen :  and  that  on  account  of  the  corrofion  of  the  faces  of  the  zinc,  it  is 
pecefTary  to  renew  them  previous  to  each  conftrudion  of  the  pile.  This  may  be  done  by 
fcraping  or  grinding.  I  found  it  moft* convenient  to  lay  the  piece  in  a  hole  in  a  board,  and 
gi?e  it  a  ftroke  with  a  float  file,  or  file  of  which  the  teeth  are  not  crofled.  It  might, 
perhaps,  be  lefs  troublefome  to  clean  them  with  diluted  muriatic  acid  \  but  this  I  have 
not  tried. 

As  the  ample  field  of  phyfiological  refearch  to  which  Mr.  Carlifle's  attention  is  dire&ed, 
and  the  multiplicity  of  my  own  avocations,  rendered  it  lefs  convenient  for  us  to  purfue 
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our  enquiries  together,  I  conftru&ed  an  apparatus  for  my  own  ufe.  Zinc  was  laminated 
to  the  twenty-fourth  part  of  an  inch  in  tlricknefg,  and  pure  filver  to  the  one-thoufandth 
part  of  an  inch,  that  is  to  fay,  as  thin  as  our  flatting  mills  can  bring  it.  - 

Of  thefe  metals  I  made  two  fets,  namely,  fixtetn  pieces  of  filver  of  two  inches  in  dia-  . 
meter,  and  fixteen  pieces  of  1.8  inch  diameter,  with  their  correfpondent  plates  of  zinc  and 
wetted  card.  The  fmall  pile  was  firft  prepared,  and  whether  it  were  that  thefe  thin  pieces 
were  more  difpofed  to  admit  the  water  between  the  metallic  faces  of  contaft,  or  from 
whatever  other  caufe '  it  may  have  arifen,  it  did  not  appear  by  any  experiment,  that  the 
whole  fet,  though  fo  greatly  exceeding  the  pile  of  half-crowns  in  furface,  was  capable  of 
doing  more  in  the  decompofition  of  water,  or  in  communicating  the  {hock.  But  this,  with 
other  fads,  feems  to*(hew,  that  the  repetition  of  the  feries  is  of  more  confequence  to  this  - 
a&ion,  than  the  enlargement  of  furface  \  and  alfo  that  the  thicknefs  of  the  plates,  though 
it  may  be  attended  with  convenience,  mod  probably  affords  no  addition  to  the  force.  I  mud 
alfo  add,  that  I  have  90  reafon  to  recommend  my  pile,  though' at  firft  light  it  feemed  to 
poffefs  ch^apnefs  and  convenience.  The  plates  of  zinc  are  too  thin  to  bear  frequent  clean* 
ing  or  renewing  after  corrofion  of  the  furface,  and  the  filver,  though  ic  is  fcarcely  a&ed  on 
in  this  fituation,  is  too  thin  to  be  conveniently  wiped  or  handled. 

The  fpofttaneous  ele&ricity  of  the  doubler  prefented  an  obje&ion  to  the  drift  fidelity  of  its 
refults  \  whence  I  thought  it  defirable  to  give  my  pile  a  trial  with  the  condenfer.  The  foot 
or  (land  of  my  ele&rometer  is  a  brafs  plate  truly  flat,  and  3.8  inches  in'diameter.  A  piece 
of  thin  Ferfian  filk  was  tied  fmoothly  upon  the  face  of  this  plate,  and  it  was  then  placed 
upon  another  brafs  plate,  upon  which  it  was  moved  about  horizontally,  in  order  to  accu- 
mulate ele&ricity  by  fri&ion  ;  the  electrometer  itfelf  being  ufed  as  the  handle  by  grafping 
the  top.  It  was  found  that  this  treatment  produced  very  weak  fighsof  electricity  when  the 
ele&rometer  was  lifted  up.  The  lower  brafs  plate  was  then  placed  on  the  top  of  the  fmall 
pile,  and  the  condenfing  ele&rometer  placed  upon  it.  A  communication  was  then 
made,  by  means  of  a  wire  from  the  lower  or  filver  end  of  the  pile  to  the  upper  plate 
of  the  condenfer,  or  foot  of  the  ele&rometer.  In  this  fituation  it  is  evident,  that  the 
charge  of  the  pile  was  employed  in  producing  oppofite  dates  of  ele&ricity  in  the  condenfer, 
which  would  be  (hewn  when  the  plates  came  to  be  feparated.  The  wire  of  communication 
being  taken  away,  the  ele&rometer  was  lifted,  and  the  leaves  diverged  and  (truck.  It  be- 
came neceflary,  therefore,  to  repeat  the  experiment,  taking  care  to  lift  the  ele&rometer 
more  gradually.  The  divergence  took  place  as  before,  and  it  was  increafed  by  prefenting 
excited  fealing  wax  towards  the  bottom  of  the  ele&rometer.  And  as  the  top  of  the  pile 
had  by  compenfation  diminiflied  the  fame  divergence,  it  is  clear  that  the  ele&ricity  of  the 
top  of  the  pile,  viz.  of  the  zinc,  was  contrary  to  that  of  fealing  wax ;  that  is  to 
fay,  the  zinc  was  in  the  plus  ftate.  ^iter  a  number  of  repetitions  of  this  experiment  with 
the  fame  invariable  refult,  the  pile  was  then  carefully  ovcrfet,  without  difturbing  the  rela- 
tive arrangement  of  its  parts ;  fo  that  the  zinc  was  now  at  the  bottom,  and  the  filver  at  the 
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top.  The  ele&ricity  of  the  Giver  was  then  tried  a  number  of  tirpes,  by  precifcly  the  fame 
procefs  ?s  before5  and  it  exhibited  an  equal  degree  of  intenfity,  but  it  was  minus  or  ne- 
gative. In  one  of  thefe  experiments,  I  certainly  faw  the  fpark  at  the  time  of  completing 
the  circuit)  and  afterwards  with  the  fame  pile,  when  I  was  exprefsly  looking  for  it.  But 
it  is  tefs  neccflary  to  dwell  on  thefe  fads,  as  the  ftronger  combinations  have  exhibited  this 
effb£t  with  much  greater  perfpicuity. 

The  decompofition  of  water,  and  oxidation  of  metallic  wire,  gave  birth  to  a  variety  of 
fpeculations  and  proje&s  of  experiments.  Among  others  it  became  a  qaeftion,  what 
would  be  the  habitude  of  metals  of  difficult  oxidation.  Two  wires  of  platioa,  one  of 
which  was  round,  and  one  fortieth  of  an  inch  in  diameter,  and  the  other  nearly  of  the  fame 
mafs,  but  flatted  to  the  breadth  of  one  twenty-fifth  of  an  inch,  were  inferted  into  a  (hort 
iuj>e  of  ^  of  an  inch  infide  diameter.  When  placed  in  the  circuit,  the  Giver  fide  gave  a 
plentiful  ftream  of  fine  bubbles,  and  the  zinc  fide  alfo  a  ftream  lefs  plentiful.  No  turbid- 
nefis  nor  oxidation,  nor  tarnifh  appeared,  during  the  courfe  of  four  hours  continuance  of 
this  operation.  It  was  natural  to  conje&ure,  that  the  larger  ftream  from  the  filver  fide 
was  hydrogen,  and  the  fmaller  oxigen.  Thick  gold  leaf  was  tried,  with  the  fame  effefts. 
A  wire  of  brafs  was  then  fubftituted  inftead  of  one  of  the  flips  of  gold.  When  the  brafs 
was  on  the  minus,  or  filver  fide,  the  two  gafes  were  extricated  for  two  hours,  without 
oxidation  as  before ;  but  when  the  brafs  was,  by  reverfing  the  tube  brought  to  the  plus  fide* 
k  became  oxided  in  the  fame  manner  as  if  both  the  wires  had  been  brafs.  When  the  flips 
of  gold  were  long  fubje&ed  to  this  a£Hon,  the  extremity  of  the  flip  communicating  with 
the  zinc,  acquired  a  jcoppery  or  purpleifli  tinge,  which  was  deeped  near  the  end.  Whether 
this  arofe  from  oxidation  of  the  gold,  or  of  the  copper,  of  which  gold  leaf  contains  about  a 
feventieth  part,  cannot  from  this  experiment  be  decided.  , 

The  fimple  decompofition  of  water  by  platina  wires  without  oxidation,  offered  a  means  of 
obtaining  the  gafes  feparate  from  each  other.  With  this  intention,  Mr.  Carlifle's  pile 
of  thirty-fix  was  combined  with  my  two  fets  of  fixteen  repetitions.  His  pile  wat 
built  with  the  zinc  uppermoft,  and  mine  in  the  reverfe  order  i  fo  that  by  connect- 
ing the  upper  plates  the  whole  conftituted  one  range,  and  the  communications  could  be 
made  from  the  bottom  of  the  one  to  the  bottom  of  the  other.  The  two  platina  wires  were 
made  to  protrude  out  of  two  feparate  tubes,  each  containing  a  little  water/  and  through 
the  oppofite  corks  of  each  were  patted  copper  wires  of  communication.  Thefe  tubes  were 
flightJ y  greafed  on  the  outfide  to  prevent  their  becoming  damp ;  and  in  this  (late  the  extre- 
mities, armed  with  the  platina,  were  plunged  in  a  (hallow  glafs  veffel  of  water,  in  which  two 
(mail  inverted  vefiels,  quite  full  of  water,  were  fo  difpofed,  that  the  platina  of  one  tube  was 
beneath  one  veflel,  and  the  platina  of  the  other  tube  was  beneath  the  other,  the  diftance. 
between  their  extremities  being  about  two  inches.  The  copper  wires  of  thefe  tubes  re* 
ipe&ively  were  made  to  communicate  with  the  extremities  of  the  intire  pile  of  fixty-eight 
lets.    A  cloud  of  gas  arofe  from  each  wire,  hut  mod  from  the  filver,  or  minus  fide*    Bub< 
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tteawwe  extricated  from  all  parts  of  the  water,  and  adhered  to  the  whole  internal  furfacc 
of  the  ve&ls.  The  procefs  was  continued  for  thirteen  hours,  after  which  the  wire* 
were  dsfcngaged,  and  the  gaits  decanted  into  feparate  bottles.  On  meafaring  the 
quantities,  which  was  done  by  weighing  the  bottles,  it  was  found,  that  the  quantities  of ' 
water  difplaced  by  the  gafts,  were  rdpe&iveiy,  7  a  grains  by  the  gas  from  the  zinc  fide, 
and  142  grains  by  the  gas  from  the  Giver  fide  i  fo  that  the  whole  volume  of  gas  was  r.17 
cubic  inches,  or  near  an  inch  and  a  quarter*  Thefe  are  nearly  the  proportions  in  bulk,  of 
what  *re  (bated  to  be  the  component  parts  of  water.  /  The  gas  from  the  zinc  fide,  being 
Sued  with  one  ijieafurc  of  nitrons  gas,  contraded  to  1.25,  and  did  not  contract  more  by  the 
addition  of  another  meafure ;  the  gas  from  the  filver  fide  by  the  fame  treatment  contra&ed 
so  1.6.  The  air  of  the  room,  on  trial,  contra&cdto  1.28.  From  the  fmallnefs  of  the  -quan- 
tity no  attempt  was  made  to  detonate  the  air  from  the  zinc  fide,  but  a  portion  of  that 
from  the  filver  fide,  being  mixed  wkh  one  third  of  atmofpheric  air,  gave  a  loud  detonation. 

Upon  the  above  it  may- be  remarked^  that  it  it  does  not  item  probable  that  oxigen  was 
afforded  by  both  wires*  hot  that,  they  were  mixed  by  the  circumfances  of  the  experiment* 
Pdr  the  gafes  being  extricated  in  extremely  minute  bubbles  beneath  the  inverted  veflels, 
eaafcd  a  How  afccndtng  current  confiding  of  water  mixed  with  thofe  bubbles,  many  of 
which  were  undoubtedly  too  frmrtr  to  be  difcerned.  Hue  afcending  current  gave  out  as 
4»uch  of  its  gas  at  the  top  of  tho  uefieli  as  had  rime  to  conglomerate  >  but  the  extremely 
minute  bubbles  would  return  in  the  defending  current,  and  be  repeacedly  carried  up 
before  this  e(ic&  could  take  placet  Such  a  continual  circulation,  or  dream,  the  lower  part 
•f  which  pafleddown  into  the  fencer,  muft  at  length  have  occafioned  the  whole  mafs  of 
iuidto- become  replete  with  thefe  minute  bubbles,  which  would  break  at  the  open  furface,  and 
be  loft,  or  attach  themfelves  to  the  fides  of  the  veflel,  as  was  feen  to  be  the  cafe.  What 
proportion  may  liave.  thus  drfeppeared  is  uncertain;  but  it  is  highly  probable,  that  one 
oonftquehce  of  the  impcrfe&ione  of  our  apparatus,  was  to  occafion  both  the  inverted  vef- 
Irls  to  become  receptacles  for  the  gafes  from  both  wires  indifcriminately  ;  though  mod 
plentifully  in  each,  from  the  wire  immediately  beneath  its  mouth.  If  this  reafoning  may 
be  admitted  for  the  prefent,  till'  the  experiment  is  repeated  in  clofed  veflels,  it  will  be  fair 
to  reckon  the  whole  diminution  on  both  the  quantities.  The  whole  diminution  was  1.15, 
whence  it  would  follow,  that  the  purity  of  the  oxigen  eftirnated  in  Prieftley's  manner, 
would  be  cxpreflcd  by  the  number  0.85. 

On  account  of  the  length  of  this  communication,  1  ftall  at  preftnt  forbear  to  enter  into 
any  confiderationeof  theory,  but  (hall  conclude  with  a  concrfe  mention  of  the  effefts  of  a 
pile  of- one  hundred  half  crowns,  and  a  chemical  incident,  which  appears  to  be  the  molt 
remarkable  of  thofe  which  I  have  yet  obferved. 

The  pile  was  fet  up  with  pieces  of  green  woollen  cloth  foaked  in  fait  water.  It  gave 
fevete  (hocks,  which  were  felt  as  high:  as  th?  (boulders;  The  tranfitibn  was  much  lefs 
Smible  through  a  number  of  pcrfbns,  but  it  was  very  perceptible,  through  nine.    The' 

fpark. 


Experiment  with  a  Mm  JSiefirical  pr  Gdurik  Apparatus. 


\%7 


fpark  was  frequently  vifible  when  the  discharge  was  nude  in  the  dirk,  and  a  gleait  tSt  Ight 
was  alfo,  in  fome  inftances»  feen  abomt  the  middle  of  the -column  at  the  inflantofthe^fc* 
plofion.    The  afiiftants  were  of  opinion  that  they  heard  the  (park* 

The  extrication  of  the  gaffes  was  rapid  and  plentiful  by  means  of.  this  apparatus.  When 
copper  wires  were  ufed  for  the  broken  circuit,  with  muriatic  acid  diluted  with  100  parts  of 
water  in  the  tube,  no  gas,  nor  the  lead  circulation  of  the  fluid  was  perceived,  when  die 
diftance  of  the  wires  was  two  inches-.  A  flwrt  tube,  with  two  copper  wires  very  near  each 
other  in  common  water,  was  made  part  of  the  circuit,  and  (hewed,  by  the  ufuai  pheno- 
mena, that  the  ftream  of  ele&rictty  was  rapidly  pafiing.  The  wires  in  the  muriatic  acid 
were  then  Aided  within  a  third  of  an  inch  of  each  other.  For  the  fake  of  brevity,  I  avoid 
enumerating  the  efle&s  which  took  place  during  fcteral  hours,  and  Cmptyftate;  that  the 
minus  wire  gave  out  fome  hydrogen  during  an  hour,  while  the  plus  wire  was  corroded, 
and  exhibited  no  oxide  ;  but  a  deposition  of  copper  was  formed  round  die  minus*  or  lower 
wire,  which  began  at  its  lower  end :  that  no  gas  whatever  appeared  in  this  tube  during 
two  hours,  though  the  depofition  was  going  on,  and  the  fmall  tube  (hewed  the  continuance 
of  the  ele&ric  ftream  ;  and  that  the  depofition  at  the  end  of  four  hours  formed  a  ramified 
metallic  vegetation,  nine  or  ten  times  the  bulk  of  the  wire  it  furrounded. 

In  this  experiment  it  appeared,  that  the  influence  of  ele&ricity  increasing  the  oxidabt- 
lky  of  the  upper  wire,  and  affording  nafcent  hydrogen  from  the  lower,  caufed  the  latter  to 
aft  as  die  precipitant  of  a  folution  of  one  and  the  fame  m«tah 

We  are  in  want  of  +  aseafure  of  the  intenfity  of  the  aftion  of  diefe  machines.  Will  this 
be  derived  from  the  quantities  of  water  decompofed,  or  of  gas  extricated  under  like  rircuta- 
ftances  in  given  times  ?  Or  from  any  change  of  temperature  i  Or  what  other  commenfuttte 
incident  ?— Mr.  Carlifle  has  not  found  that  the  water  in  the  tube,  while  under  this  agency, 
did  produce  the  flighted  efieft  on  a  very  fmall  ami  dedicate  thermolfceter. 
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Some  Experiments  and  Olfervations  on  Galvanic  Ele3ricity.    By  Mr.  W.  CRVit&SBANK% 

Woolwich.     Communicated  by  the  Author. 

• 

X  N  fubje&ing  a  number  of  fluids  to  the  a&ion  of  galvanifm,  ieveral  fafts  have  been 
difcavered,  which  to  me,  at  lead*  are  perfe£tly  new,  and  which  appear  to  J&row  fome  light 
on  the  nature  and  powers  of  this  new  influence. 

I  (hall,  therefore,  without  any  further  apology,  jjive  a  brief  detail  of  fome  of  the 
mod  important,  hoping  that  they  may  prove  acceptable  to  thofe  who  are  employed  in  the 
fame  purfuits. 
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I  (hall  not  give  any  particular  account  of  the  apparatus  employed,  b4ing  a  pile,  and  not 
differing  materiallyfrom  that  in  ufe.  I  (hall  only  juft  obferve,  that  .it  confided  of  plates 
of  zinc  and  filver,  of  about  1.6  inches  fquare,  and  that:,  the  number  of  each  employed  in 
the  following  experiments  varied  from  40  to  100,  according  to  the  power  required. 

I  found  that  a  folution  of  the  muriate  of  ammonia  anfwered  better  for  moiftening  the 
interpofed  papers  than  common  water. 

When  the  machine  was  in  full  aftion,  fparks,  which  were  peife&ly  vifible  in  the  day 
time,  could  be  taken  at  pleafure,  by  making  a  communication  in  the  ufual  way  between  the 
extremities  of  the  pile,  and  a  fmall  report  or  fnap  could  be  heard ;  the  (hock  given  at  that 
time  was  very  ftrong,  and  a  gold  leaf  ele Urometer,  placed  in  the  circle  of  communication, 
was  very  fenfibly  affe&ed :  thefe  circumftances,  fome  of  which  I  believe  have  been  already 
afcertained  by  Meffrs.  Nicholfon  and  Carlifle,  (hew  the  ftrong  refemblance  of  this  in- 
fluence to  ele&ricity.  Thefe  gentlemen  have  likewife  difcovered  that  galvanifm  dc- 
compofes  water  with  much  greater  facility  than  electricity,  but  with  phenomena  fome- 
what  different. 

Experiment  1. — A  quantity  of  common  water  was  introduced  into  a  glafs  tube,  being 
confined  at  each  end  by  corks,  but  perfe&ly  at  one  by  a  cement  of  rofln  and  becs'-wax : 
pieces  of  filver  wire  were  pafled  through  the  corks,  and  brought  within  an  inch  of  each 
other  iq  the  fluid,  their  other  extremities  being  at  the  fame  time  conne&ed  with  thefe  of  the 
machine  or  pile,  one  with  the  fewer  zinc  plate,  and  the  other  with  the  upper  filver  plate. 
In  future,  to  avoid  circumlocution,  I  (hall  call  the  wire  attached  to  the  filver  plate,  the 
filver  wire,  and  the  other  the  zinc  wire.  The  tube  was  then  placed  upright  in  a  cup  con- 
taining water,  with  the  uncemented  end  downwards.  As  foon  as  the  communication  was 
made  between  the  extremities  of  the  pile  by  the  wires,  a  quantity  of  fmall  air  bubbles  began 
to  afcend  from  the  end  of  the  wire  conne&ed  with  the  filver,  as  obferved  by  Meffrs. 
Nicholfon  and  Carlifle  5  but  a  white  cloud  at  the  fame  time  made  its  appearance  at  the  one 
proceeding  from  the  zinc,  or  the  zinc  wire.  This. cloud  gradually  increafed,  and  affumed 
a  darker  colour,  and  at  lad  it  became  purple,  or  even  black.  A  very  few  air  bubbles 
were  likewife  colle&ed  upon  and  afcended  from  this  wire,  but  when  the  machine  was  in 
full  force,  a  confiderable  dream  could  be  obferved. 

The  gas  wa$  collected,  and  found  to  be  a  mixture  of  hydrogene  and  oxygene*  in  the 
proportion  of  three  parts  of  the  former  to  one  of  the  latter.  No  great  dependence,  how- 
ever, was  placed  upon  this  in  point  of  accuracy.  The  zinc  wire  was  found  to  be  much 
corroded,  and  looked  as  if  a  confiderable  portion  of  it  had  been  diflblved.  As  the  cloud 
which  was  formed  around  this  wire  became  purpK  on  efcpofure  to  the  light,  I  fufpe&ed 
it  might  he  luna  cornea,  or  muriate  of  filver  proceeding  from  the  filver,  which  had  been 
fomehow  diflblved,  and  afterwards  precipitated  in  this  ftatt,  by  the  muriatic  falts  in  tile- 
common'  water.    This  led  to  the  following  experiments : 

Experiment  2.  The  glafs  tube  was  now  filled  with  diftilled  watery  to  which  a  little  tinc- 
ture of  litmus  was  added,  when  the  communication  was  made  by  the  wires  a»  in  the  for*. 
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met  experiment,  a  quantity  of  gas  arofe  from  both  wires,  but  in  the  greateft  quantity  from 
that  connected  with^ihe  diver.  In  a  few  minutes  a  fine  red  line,  extending  fome  way 
upwards,  was  perceived  at  the  extremity  of  the  zinc  wire ;  this  increafed,.  and  in  a  (hort 
time  the  whole  fluid  below  the  point  of  this  wire  became  red;  the  fluid,  however,  above 
the  Giver  wire,  looked  of  a  deeper  blue  than  before,  the  flight  tinge  of  purple  being 
deftroyed. 

Experiment  3.  I  next  filled  the  tube  with  diftilled  water,  tinged  with  the  tincture  of 
Brazil  wood}  it  was  no  foonet  placed  in  the  circle  of  communication,  than  the  fluid  fur- 
rounding  the  filver  wire,  particularly  towards  its  extremity,  became  purple,  and  this  tinge 
.increafed  fo  fail,  that  the  whole  fluid  Turrounding  this  wire,  and  occupying  the  upper 
part  of  the  tube,  foon  aflumed  as  deep  a  colour,  as  could  be  produced  by  ammonia. 

The  portion  of  the  fluid  in  contact  with  the  zinc  wire  became  very  pale,  and  almoft 
colourlcfs,  nor  could  the  purple  tinge  extend  below  its  upper  extremity.  From  thefe  ex- 
periments it  would  appear,  that  an  acid,  probably  the  nitrous,  is  produced  at  the  wire 
proceeding  irom  the  zinc,  and  an  alkali,  probably  ammonia,  at  that  in  contact  with  the 
filver.  Thefe  facts  fufficiently  explain  the  action  upon  the  filver  wire,  and  the  nature  of 
the  whitiih  cloud  proceeding  from  it,  and  afterwards  becoming  purple.  When  lime- 
water  was  employed  inftead  of  common,  or  diftilled  water,  the  wire  was  likewife  acted 
upon,  but  in  a  lefs  degree,  and  the  cloud  had  at  firft  an  olive  colour,  exactly  refembling 
the  precipitate  of  filver  by  lime-water. 

The  quantity  of  filver  diflblved  or  corroded,  if  I  may  ufe  the  expreffion,  in  thefe  experi- 
ments, was  very  confiderable,  ami  where  common,  or  diftilled  water  had  been  employed, 
a  fmall  portion  of  it  remained  in  folution,  which  was  difcovered  by  the  addition  of  the 
muriatic  acid.  Indeed  a  much  larger  quantity  would  probably  have  been  fufpended,  had 
it  not  been  for  the  alkali  generated  at  the  fame  time,  and  which  manifeftly  produced  a 
precipitate  at,  or  near,  the  upper  extremity  of  the  zinc  wire,  where  after  a  certain  tirtie,  a 
dark  zone  or  ftratum  was  always  formed. 

Experiment  4.  It  is  a  well  known  fact,  that  hydrogene  gas  when  heated,  or  in  its  nafcent 
ftate,  reduces  the  calces  of  the  metals ;  I  expected,  therefore,  that  by  filling  the  glafs  tube 
with  a  metallic  folution,  I  might  be  enabled  to  feparate  the  hydrogene  from  the  oxigen 
%  gas,  and  thus  procure  the  latter  in  its  Cm  pie  or  pure  ftate.  With  this  view  the  tube  was 
fiHed  with  a  folution  of  the  acetite  of  lead,  to  which  an  excefs  of  acid  was  added,  to  coun- 
teract the  effects  of  the  alkali.  When  the  communication  was  made  in  the  ufual  way,  no 
gas  could  be  perceived,  but  after  a  minute  or  two,  fome  fine  metallic  needles  were  per- 
ceived at  the  extremity  of  the  wire  connected  with  the  filver.  Thefe  foon  increafed,  and 
aflumed  the  form  of  a  feather,  or  rather,  that  of  the  cryftals  of  the  muriate  of  ammonia. 
The  lead  thus  precipitated  was  perfectly  in  its  metallic  ftate,  and  very  brilliant ;  a  little  gas 
efcaped  from  the  wire  connected  with  the  zinc,  and  it  was  confiderably  corroded  as  ufual. 

A.  folution  ^of  the  fulphate  of  copper  was  next  employed,  and  with  the  fame  refult,  th£ 
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(fqpper  bcuig  precipitated  in  its  metallic  form  by  die  wire  oonne&od  with  the  fib* r..  Ip 
this  iiiHance  the  nietal  did  not  cryftallize,  but  formed  a  kind  of  button  at  the  c/id  of  the  wire* 
which  adhered  fo  completely  to  the  Giver,  that  it  was  found  impoffiMe  ta  feparate  k. 

The  mod  beautiful  precipitate,  however,  was  that  of  filter  from  ita  folution  in  the 
nitrotu  acid*  Ia  this  cafe,  the  metal  shot  into  floe  ncedU-likc  cryftala  articulated,  or 
joined  to  each  other,  as  in  the  Arbor  Dianae.  ^ 

What  became  of  the  oxygen*  ga*  uCualty  produced  in  thefe  experiments  ? 

Experiment  5.  A  quantity  of  pure  water  mixed  wiih  diftilled  vinegar  was  introduced 
into  the  tube,  and  placed  in  the  circle  of  communication  \  Come  gaa  was  difeogaged  from 
the  diver  wire,  hut  no  cloud  appeared  at  the  extremity  of  the  zinc.  After  fome  time, 
however,  a  quantity  of  metallic  filver  was  precipitated  by  the  Giver  wire,  and  this  precipi- 
tale  at  lad  became  very  copious;  a  perfectly  fimilar  effect  was. produced,  when  the  tube 
was  filled  w.ith  very  dilute  fulphurjc  acid  1  in  ihcGe  cafe*  the  precipitated  filver  had  die  ap- 
pearance of  finning  fcalgs,  like  that  thrown  down  by  copper  in-  the  ufual  way.  It  may  be 
proper  to  obferve,  that  in  all  thefe  precipitations  and  reductions*  nothing  but  wires  of 
pure  filver  were  employed*.  The  refults  in  this  lad  experiment  were  exactly  what  wad 
expected;  the  vinegar  prevented  the  alkali  from  precipitating  the  ftlverj  difiolved  by  the 
generated  acid  \  in  confequence  of  which,  when  a  (uSicient  quantity  of  the  metal  was 
taken  up,  ii  was  again  thrown  down  by  the  (ilver  wire  ia  its  metallic  form* 

Experiment  6.  A  folution  of  the  muriate  of  ammonia  being  introduced  into  the  tube, 
and  expofed  to  this  influence,  a  little  gas  was  diCengagcd  from  the  filver  wire,  white  the 
Vine  one  was  incrufted  with  a  fubftance  which  foot*  became  black,  and  was.  found  to  be 
luna  cornea*  The  liquor  which  remained  in  the  tube  after  the  operation  bad  been  finifited, 
was  highly  alkaline,  and  fmelled  ftrongly  of  ammonia;  common  fait  was  decomposed  in  a 
fi.mUar  naanner.  This  experiment  accounts  for  the  decompofition  of  the  muriate  of  fed* 
and  ammonia*  which  always  takes  place  when  the  papers  ia  the  pile  are  moHtened  wtt£.  a 
folution  of  thefe  falts. 

A  folution  of  the  nitrate  of  magneGa  appeared  to  be  likewife  decompofedby  this  procefs, 
for  after  fome  time,  a  white  powder  refembling  magnefia,  was  precipitated  on  the  furfoce 
of  the  filver  wire ;  vejy  little  gas  was  difengagccL  .  - 

Experiment  7.  In  order  to  afcertain  how  far  this  influence  might  be  carried,  provided 
the  circle  of  communication  was  complete,  two  tubes  were  employed,  and  connected  by  a 
filver  wire  palling  through  corks  as  in  the  figure,  where  A,  B,  reprefent  the  two  tubes,  and 
C  the  connection  wire;  the  tubes  were  filled  with  water  and  fecured  by  corks;  two  other 
wires  D  and  E,  being  then  pafied  through  thefe  corks,  the  arc  D  was  connected  with  the 
filver,  and  the  other  with  the  zinc*  at  the  extremity  of  the  pile.  A  quantity  of  gas  as  ufual 
was  difengaged  at  the  extremity  of  the  filver  wire  D  in  A,  and  the  portion  of  the  connect- 
ing wire  C  in  the  fame  tube,  was  partly  diflblve'd,  and  as  mentioned  in  experiment  1 ;  but 
the  other  portion  of  the  fame  wire  in  the  tube  B  gave  out  gas,  while  the  communicating 
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jSnc  wire  E  was  corroded.  And  I  make  no  doubt  that  a  firtiilar  *effe£t  wotild  !fc  jrtbdue&T, 
if  any  number  of  tubes  were  connected  in  a  fimitatr  mafitief,  by  frftteh  rtidahs  a  large  quan- 
tity of  gas  might  be  procured  in  aHhert  time.  '»  '  ' 

Bcfidcs  filver  wires,  I  fikewife  employed  thofe  of  copper  or  Irori,  *ftd  ft  did  tfor  appear 
that  thcfe  were  more  corroded  or  afted  upon  than  the  filver ;  indeed,  in  fome  of  the  above 
experiments,  not  lefs  than  half,  or  three  quarters  of  an  inch  of  the  wire  was  intirely  con- 
fumed*  The  copper  wire  connected  with  the  zinc  gives  out  a  greenifli  blue  fubftance  re- 
fembling  the  nitrate  of  copper  with  excefs  of  the  metal,  or  when  part  of  the  acid  has  been 
CxpeUed  by  heat,  &c#  In  examining  the  gas  which  was  procured  art  different  tint*,  I 
always  found  it  mixed  with  a  little  oxygen  gas,  but  fometimes  this  did  not  exceed  \  of  the 
whole  in  bulk  ;  however,  I  paid  but  little  attention  to  this  part  of  the  procefs,  for  as  my 
wires  were  always  corroded,  no  conclufion  with  regard  to  ^ the  compofition  of  water  could 
be  drawn  from  it. 

At  prefent  I  (hall  only  further  obferve,  that  by  making  the  galvanic  influence  pafs  through 
a  quantity  of  di (tilled  water  confined  in  a  tube  over  mercury,  for  about  48  hours*  a  mani- 
feft  diminution  of  the  fluid  was  perceived. 
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..  George  Thomas  Staunton,  in  a  letter  to  his  father,  Sir  George  Staunton,  Bart, 
dated  Prince  of  Wales's  Ifland,  Nov.  4,  1799,  dates,  that  "  our  landing  at  this  place  has 
"  enabled  me  to  make  ufe  of  the  dipping  needle,  which  I  brought  on  fhore,  and  found 
"  that  by  the  means  of  feveral  obfervations,  the  fouth  pole  of  the  needle  dipped  five  de- 
"  grecs  ten  minutes."  * 


Ittftifibility  of  Tungjlen. 

*  The  fpecific  gravity  of  Tungften  has  not  been  ascertained  with  precifion,  on  account  of: 
th?  extreme  difficulty  of  fufing  this  metallic  fubftance.  Guyton,  in  a  fire  urged  by  the 
blaft  of  three  pipes  to  185  degrees  of  the  pyrometer,  obtained  a  well  rounded  piece  of 
35  grammes.  But  it  broke  in  the  vice,  and  exhibited  a  central  portion,  which  was  only 
agglutinated,  and  foon  acquired  a  purple  colour  by  expofure  to  the  air.    He  found  that  the 
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well  fufed  portion  had  no  higher  fpecific  gravity  than  8.3406}  and  he  concludes  from  the 
infufibility  and  brittlenefs  of  this  metal,  that  it  affords  little  promife  of  utility  in  the  arts* 
except  in  metallic  alloys,  or  by  virtue  of  the  property  which  its  oxide  pofiefles,  o£ 
affording  fixed  colours,  or  giving  fixity  to  the  colours  of  vegetables* 


The  Gemetrie  defcriptive  of  Gafpard  Monge  is  publifhed  at  Paris  in  quarto,  with  25 
plates,  by  Bernard,  and  likewife  a  new  edition  of  his  Statique. 


The  reference  to  a  drawing  in  Mr.  Cruickfliank's  paper,  in  our  prefent  Number,  relates 
to  a  (ketch  which,  on  account  of  the  late  reception  of  the  copy,  could  not  be  inferted  in 
the  plate.  It  confifts  (imply  of  two  tubes,  forming  what  I  have  called  the  broken  circuit 
in  the  manner  mentioned  in  my  experiment,  where  a  tube  with  water  was  connected  with 
another  containing  marine  acid,  and  both  fet  to  work  at  the  fame  time.  It  feems  very 
probable,  that  a  large  quantity  of  gas  might  be  thus  extricated ;  but  from  the  circum- 
ftances  of  the  laft  mentioned  experiment,  it  feems  apparent  that  the  power  of  the  ap- 
paratus in  each  individual  tube  will  be  lefs  the  greater  the  number. 
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ARTICLE    I. 

Experiments  on  the  ProduQion  of  Air  by  the  Freezing  of  Water.    By  Joseph  Priestley* 

LLD.  F.R.S.  &c.  &c.    Communicated  by  the  Author. 

X  N  1 793,  when  I  was  in  England)  I  publiflicd  an  account  of  a  courfe  of  experiments 
on  the  generation  of  air  from  water,  and,  after  my  arrival  in  this  country,  I  publithed  a 
fequel  to  them.  The  refult  of  the  whole  was  that,  after  all  air  had,  in  every  known 
method,  been  extra&ed  from  any  quantity  of  water,  whenever  any  portion  of  it  was  Con- 
verted into  vapour,  a  bubble  of  permanent  air  was  formed,  and  this  was  always  phlogif- 
ticated.  The  procefs  with  the  torricellian  vacuum  I  continued  fome  years,  and  found 
the  produ&ipn  of  air  equable  to  the  laft. 

The  neceflary  inference  from  thefe  experiments  is  either  that  water  is  convertible  into 
phlogifticated  air,  or  that  it  contains  more  of  this  air  intimately  combined  with  it  than 
can,  by  this  procefs,  be  extrafted  in  any  reafonable  time. 

Finding  that  no  air  is  contained  in  ice  that  is  free  from  vifible  bubbles,  I  thought  to 
ascertain  the  truth  of  one  of  tliofe  hypothefes  by  expofing  to  cold  a  quantity  of  water 
from  which  I  had,  by  repeated  procefles  with  the  torricellian  vacuum,  expelled  all  the  air 
that  I  poflibly  could ;  thinking  that  if  it  really  contained  no  air,  it  would  appear  by  the 
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ice  being  perfectly  folid,  fo  that  when  it  was  melted,  no  air  could  be  got  from  it.  This 
experiment  I  repeated  fcveral  times,  but  always  found  that,  though  the  outfide.of  this  ice 
was  perfcftly  tranfparent,  and  free  from  air  bubbles,  the  central  parts  were  opaque ;  and 
though  there  were  no  diftinft  iir  bubbles  there,  yet  when  it  was  melted,  a  great  number 
ifiued  from  it.  The  whole  quantity  of  air,  however,  was  not  more  than  might  have  been 
produced  from  the  fame  water  in  the  other  procefles  in  a  reasonable  time  \  and  in  them 
the  produ&ioh  of  air  had  no  limit. 

Difappointed  in  my  expectation  of  getting  by  this  means  ice  perfe&ly  free  from  air 
(which,  when  a  large  quantity  of  water  freezes  very  (lowly  it  is  eafy  to  do,  the  air  con* 
tained  in  it  retiring  from  that  which  is  frozen  to  that  which  remains  fluid)  I  diflblved  ice 
that  was  perfe&ly  tranfparent,  and  therefore  free  from  air,  in  veflels  containing  mercury, ' 
and  ezpofed  it  to  froft  a  fecond  time.  But  I  always  found  that  when  the  whole- of  it  was 
frozen,  the  extreme  parts  were  tranfparent,  the  central  parts  were  opaque,  and  when  dif- 
folved,  yielded  air.  Though  I  repeated  this  procefs  ten  or  a  dozen  times  with  the  fame  water,, 
always*  letting  out  the  air  that  was  procured  by  freezing,  prefently  after  it  was  extricated, 
and  before  it  could  have  been  re-abforbed  •,  yet  on  expofing  it  to  another  freezing,  I  never 
failed  to  get  more  air,  and  the  harder  the  froft  was,  the  more  air  I  procured. 

As  there  is  an  evaporation  from  ice  no  lefs  than  from  water,  the  interfaces  made  by  the 
cryftalization  of  the  water,  when  it  is  converted  into  ice,  will  foon  be  filled  with  vapour  \ 
and  this  .vapour,  like  that  which  is  formed  by  heat,  becomes  the  bafis,  I  fuppofe,  of  a 
quantity  of  air.  Since,  however,  the  mod  tranfparent  ice  fwims  in  water,  this  alfo  mud 
.  have  interftices,  but  they  contain  no  air ;  being  fueh  as  exift  in  the  mod  folid  bodies  in 
which  (gold  itfelf  not  Excepted)  the  component  particles  are  not  in  perfeft  contadt,  fince 
they  are  reduced  into  lefs  dimenfions  by  cold. 

As  the  veflels  I  made  ufe  of  in  thefe  experiments  were  either  cylindrical  jars,  or 
cenical  wine  glaflcs,  and,  confequently,  the  bubbles  of  air  procured  by  freezing  were 
expofed  to  a  confiderable  furface  of  water,  and  would  in  time  (though  not,  I  found,  in  the 
courfe  of  a  day)  have  been  abforbed  by  the  water  more  free  from  air,  I  procured  glafs 
veflels  of  a  conical  form,  terminating  in  narrow  tubes,  into  which  the  air  diflodged  from 
the  ice  might  afcend,  and  not  be  fubjeft  to  be  abforbed.  I  was  Co  fortunate  as  to  have 
feveral  veffels  of  this  form,  and  they  completely  anfwered  my  purpofe  for  five  or 
fix  procefles. 

Thefe  veflels  were  firft  filled  with  mercury,  and  then  I  introduced  into  them  a  quantity 
of  water  freed  from  air  by  previous  freezing  *  and  when,  after  expofure  to  froft  the.  ice' 
was  melted,  the  air  diflodged  from  the  ice  afcended  into  the  narrow  tubes,  and  remained 
without  any  fenfible  diminution  of  bulk  feveral  days ;  and  every  time  that  the  water  was 
expofed  to  the  froft,  an  addition  was  made  to  it.  At  length,  however,  though  the  vefiels 
were  very  fttbng,  and  contained  much  mercury,  whieh,  by  its  tendency  to  defcend,  would 
give  the  water  room  to  expand  with  the  lefs  danger  of  breaking  the  vcfiel,  none  of  them 
ferved  for  more  than  the  number  of  procefles  above-mentioned. 

After 
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After  the  breaking  of  my  gl'afs  veffels,  I  got  other  cylindrical  ones  made  of  iron,  fevett  or 
eight  inches  in  height,  and  near  three  inches  wide  at  the  bottom,  the  upper  orifice  being 
clofed  with  a  cork  and  cement,  in  the  centre  of  which  was  a  glafs  tube,  the  diameter  of 
which  was  about  the  fifth  of  an  inch.  And  as  this  glafs  tube  was  in  the  greateft  danger  of 
breaking  by  the  freezing  of  the  water,  and  this  had  happened  feveral  times  in  the  former 
experiments,  notwithftanding  all  my  care  to  guard  them  from  the  froft,  I  now  made  ufe  of 
fnow  and  fait  to  freeze  the  water  in  the  iron  veffel  only,  placed  in  a  veffel  of  mercury, 
having  been  previoufly  filled  as  the  glafs  veffels  had  been. 

The  water  on  which  I  now  operated  was  about  three  ounces,  and  it  had  been  made  as 
free  as  pofliblc  from  air  by  previous  freezing.  With  this  apparatus  I  repeated  the  procefs 
of  freezing  nine  times,  without  changing  the  water ;  and  the  laft  portion  of  air  that  I 
procured  in  this  manner  was  as  great  as  any  of  the  preceding ;  fo  that  the**  remained  no 
reafonable  doubt,  but  that  air  might  be  produced  from  the  fame  water,  in  this  manner,  ad 
libitum  \  and  having  got  near  two  inches  of  air  in  the  glafs  tube,  I  put  an  end  to  the  ex- 
periment $  and  examining  the  air,  I  found  it  to  be  wholly  phlogtftkatedy  not  being  afie&ed 
by  nitrous  air,  and  having  nothing  inflammable  in  it. 

During  the  procefs  of  freezing,  the  air  in  the  tube  was  generally  comprefTed  into  one- 
fifth  of  its  ufual  bulk;  but  when  I  began  to  thaw  the  ice,  which  I  did  by  means  of  hot' 
water  in  the  place  of  the  freezing  mixture,  it  foon  expanded  to  its  former  dimenfions,  and 
no  fenfible  portion  of  it  was  abforbed  during  the  whole  procefs,  which  was  about  a  week. 
Sometimes  the  violence  of  the  preffure,  occaGoned  by  the  expanfion  of  the  water  in 
freezing,  would  force  a  little  water  out  of  the  veffel  between  the  cork  and  the  glafs  tube, 
or  the  iron  veffel,  which  prefently  became  ice.  This  I  always  carefully  removed,  and  ap- 
plied frefh  cement  to  the  place,  to  prevent  the  inf  rodu£Hon  of  any  air  from  without,  before 
I  began  to  melt  the  ice.  And  that  no  external  air  had  entered,  was  evident  both  from  the 
manner  in  which  the  air  was  produced  after  the  water  recovered  its  fluidity,  and  from  the 
x  quality  of  it  when  examined  after  the  procefs. 

In  the  courfe  of  the  experiments  with  the  glafs  veffcls,  a  phenomenon  occurred  which 
was  wholly  unexpected  by  me,  and  which  was  very  amufing.  Having  left  the  veffels  filled 
in  part  with  water,  and  in  part  with  mercury,  in  the  evening,  I  generally  found  them  in 
the  morning  feemingly  quite  full  of  mercury,  every  part  of  the  ice  within  the  veffel  being 
covered  with  it.  This  muft  have  been  occafioned  by  a  vacuum  having  been  formed 
between  the  glafs  and  the  ice,  and  into  this  fpace  mercury  had  been  drawn  up  on  the 
principle  of  the  capillary  tube.  When  this  was  not  the  cafe,  the  interfaces  of  the  ice  to- 
wards the  centre  were  filled  with  thin  laminae  of  mercury,  which  alfo  exhibited  a  curious 
appearance. 

Sometimes,  when  there  was  no  mercury  between  the  glafs  and  the  ice,  an  interftiee 
was"  made  between  them  when  they  were  placed  within  the  influence  of  the  fire.  In  thefe 
circuroftances  I  have  feen  the  mercury  drawn  up  to  the  height  of  feveral  inches.  As  this 
(pee  became  enlaced  by  the  increafe  of  the  heat,  the  laminae  of  mercury  were  con* 
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tra&ed,  till  coming  into  the  form  of  balls,  too  heavy  to  be  fupported*  they  fell  down 
to  the  mafs  of  mercury  in  the  bafon. 

The  mod  obvious  inference  from  thefe  experiments  is,  that  water,  when  reduced  by  any 
means  to  the  ftafe  of  vapour,  is  in  part  converted  into  phlogifticated  air,  and  that  this 
is  one  of  the  means  provided  by  nature  to  keep  up  the  equilibrium  of  this  conftituent  part 
of  the  atmofphere ;  as  the  influence  of  light  on  growing  vegetables  is  the  means  of  re- 
cruiting the  other  parts  of  it,  viz.  dephlogifticated  air,  and  both  of  them  ate  fubje&  to 
abforption  and  diminution  in  feveral  natural  procefies-  Inflammable  air,  I  have  alfo  (hewn 
to  be  convertible  into  phlogifticated  air  %  fo  that  this  is  another  method  of  fupplying  the 
atmofphere  with  this  ingredient  in  its  compofition. 

That  water  contains  phlogifton,  I  have  (hewn  to  be  probable  from  feveral  confiderations, 
efpecially  that  of  its  refembling  metals  in  their  property  of  being  condu&ors  of  elc£tricity« 
For  thefe  fubftances  certainly  contain  phlogifton,  if  there  be  any  fuch  thing.  Mercury 
alfo  becomes  fuper-phlogifticated  by  agitation  in  water,  and  this  without  limit,  and  without 
changing  the  water  or  the  mercury ;  and  the  remaining  water  contains  no  more  oxygen 
than  before.  For  the  air  expelled  from  it  is  not  more  pure,  but  conGderably  lefs  fo,  and  it 
is  perfe&ly  free  from  acidity. 

I  would  further  obfcrve,  that  thefe  experiments,  which  prove  the  converfion  of  water 
into  phlogifticated  air,  are  inconfiftent  with  the  .antiphlogiftic  theory,  which  makes  water 
refolvable  into  dephlogifticated  and  inflammable  air  \  but  that  they  are  highly  favourable 
to  the  hypothefi*  of  water  being  the  bafis  of  every  kind  of  air,  the  difference  between 
them  depending  upon  the  addition.of  fome  principles'  which  we  are  not  able  to  afcertain 
by  weight.  Alfo,  if  any  fpecies  of  air  be  entitled  to  the  appellation  of  bydrsgeny  it  Is  not 
ipfl*mmable,  but  phlogifticated. air* 
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("I  completing  my  refearches  in  hygrometry,  I  have  been  led.  to  .examine  the  habitudes 
of  the.  earthy  bodies  with  refpe&  to  moifture*  I  had  already  difoovered,  that  animal  and 
vegetable  matters,  like  the  faline  and.  deliquescent-  fubftances,  attra&  humidity  by  a  force 
altogether  diftinfl  from  that  of  capillary  abforption*-  and/ attended  with  diminution  of 
volume,  evolution  of  heat,  and  the  other  concomitants  which  mark  a  real  changCiof'Coq* 
ftlt«tiOft«  Ar\d  while ,  the  -empire  of  chemical  agency  •  feecned .  extending'  oa .  evesp  fide, 
it.^as^reafonabte  to  doubt-  if  the  earths  themfeim*  continued* entirely  'inert  and.paflkro 
UQde&the  atmofphcricoL  influences*  My  fufpieions  were  fully,  confirmed!  by  experiment* 
AUtb€>ea*tbremd.Jhnfbodin>tMineatlf>4ttrQ&  m*/luu>frmtbt  *irranfLthis  wtkdifftrtt* 
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digress  offorce%  modified  alfi  by  temperature  f  which-  erffe&s  the  mtafure  of  all  combinations.  The 
fa£ts  thus  obtained,  though  not  of  a  brilliant  nature,  appear  highly  inftru&ive,  and  if 
profecuted  with  attention,  might  throw  fome  light  on  the  obfcure  theory  of  vegetation, 
and  fugged  ufeful  improvements  in  -agriculture  and  rural  (economy.  I  give  this  early' 
notice  of  the  little  which  I  have  done,  as  it  fecms  to  diverge  from  that  line  of  inquiry* 
which  I  had  prefcribed  to  myfelf,  and  as  I  (hall  not  at  leaft  for  the  prefent,  purfue  it 
farther.  But  I  earneftly  invite  chemifts  and  naturalifts  to  refume  afubjeG:  which  promifes 
fuch  an  eafy  and  abundant  harvcft. 

My  procedure  was  this: — The  earths,  or  the  ftony  matters  grofsly  pounded,  were  dried 
thoroughly  be  fore  a  good  fire,  and  immediately  introduced  into  phials,  which  were  (lopped 
up  and  fet  afide  to  cool.  The  firft  obje&  was  to  afcertain,  whether  the  degree  of  heat  to 
which  they  were  fubje&ed  in  drying,  would  affe£l  their  abfiorbent  quality.  I  foon  per- 
ceived, however,  that  the  refults  were  quire  regular  and  uniform.  In  fad,  the  powder 
is  dried  in  this  cafe  not  by  the  adion  of  the  hot  air  on  its  furface,  but  by  the  heat  pene- 
trating the  mafs,  and  communicating  to  the  aqueous  particles  the  difpofition  to  aflume  the 
vaporous  (late,  with  the  correfponding  elafticity  of  fleam,  which  beyond  the  boiling  point 
increafes  with  mod  rapid  progreffion,  and  which  enormous  diftenfive  power  foon  over- 
comes the  obftinate  adhefion  to  the  earthy  bafis.  Any  heat  almoft  between  the  100th  and 
300^  degree  of  the  centigrade  fcale,  will  bring  the  fubftances  into  the  proper  condition* 
This  deficcated  powder  is  Are  wed  on  the  bottom  of  a  faucer  holding  an  hygrometer,  over 
which  a  fmall  receiver  is  inverted:  In  a  few  minutes  the  inftrument  marks  the  higheft 
degree  of  drynefs  produced;  Here1  are  a  few  of  the' principal  refults  indicated  by  this 
mode,  at  the  temperature  of  16*  centigrade* 

Freefone        .        .        .        .        •        .        370 

Fine  fea  fatid 40 

Marble  .        .        ;        .        •        .        47 

Common  clay 68 

Sea  fand,  lately  cultivated  •  .        .        72 

Sandy  fchift 75 

Bog  earth         .      •  .      •  .         •         .  77 

Rbtten  whinftone     • 78 

Garden  mould      .         .         .       • .       *  •  86 

It  is  remarkable  that  marble  and  quicklime*  produce  exa&ly  the  fame  effc£l,  and  that  in 
general  no  fenfible  difference  is  perceived  between  tifc  -pure  earths  and  their  carbonates. 
The  great  abforbent  ppwer  of  •  the  argillaceous,  compared  with  the  filicious  bodies,  alfo  de- 
fefcves  particular  notice.'  But  the*  cultivated' foils  poflef*  that  power  in  the  mod  cortfpieu- 
ons  degree. :  Garden  mould:  (lands  at  the  top  of  the  fcale,  and  even  fea  fand,  which  c4ufee 
a.dryoe&  of  40°;pnly  is,  by  a  fcw^ years*  tillage,  rendered  capable  of  producing  that  of  72°. 
Nor  is  it  the  operation  of  manure*  for  'the  Angle  efFe&  of  this  material  is  inferior  to  that  of 
mofiiof  thccartb%    It  feenk  highly  p^aNty  that  the  fertility  of  foils  deperids  chiefly  on 

their 
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their  difpofition  to  imbibe  moifture.  Manures  perhaps  a£t  as  ftimulants  merely,  the  car- 
bonaceous matter  of  plants  is  derived  from  the  atmofphere,  and  the  earth  affords  expanfion 
for  the  fibrils  of  the  roots,  and  fupplies  them  with  the  aqueous  element.  Rotten  whin- 
fione  conftitutes  the  body  of  the  foil  in  this  fertile  county,  and  it  manifefts  among  the 
ftony  compounds  a  fuperior  degree  of  the  power  of  abforption. 

Torrefa&ion  fcems  remarkably,  to  diminifh  the  faculty  of  the  earthy  fubftances  to  atrraA 
moifture.  Clay,  roafted  in  a  ftrong  fire,  from  68  gives  only  3$  degrees  by  the  hygrome- 
ter, and  after  being  urged  in  a  black  fmith's  forge,  affords  no  more  than  8  ;  whinftone, 
which  in  ordinary  cafes  has  a  power  equal  to  7  8°,  fliews  only  230,  after  expofure  to  the 
fierce  heat  of  a  forge.  Nor  is  the  effeft  occafioned  by  any  partial  or  incipient  vitrification, 
for  fandftone,  which  has  undergone  a  violent  ignition,  (hews  likewife  a  fimilar  change  of 
property.  If  bodies  therefore  fufrercd  no  alteration  of  contexture  from  the  impreflions  of 
the  atmofphere,  geologifts  would  be  furnifhed  with  one  certain  criterion,  to  decide  whe± 
ther  a  fof&l  owed  its  formation  to  the  agency  of  fire  or  water.  It  is  almoft  fuperfluous  to 
obferve,  how  vague  and  inconclufive  are  the  arguments  ufually  employed  by  the  contending 
feCts  of  Neptunifts  and  Plutonifts. 

But  although  the  mode  of  experimenting  above  defcribed  fufficiently  marks  their  difcri- 
minating  qualities,  it  does  not  exhibit  the  full  eiFeft  of  the  deficcated  powders ;  fince,  the 
hygrometer  and  the  earth  being  included  together,  while  the  latter  abftra&s  moifture  from 
the  air  within  the  receiver,  the  former  by  its  wetted  ball  continually  imparts  humidity, 
which  notwitbftanding  the  extenfive  furface  of  abforption,  mult  always  enfeeble  the  per- 
formance in  proportion  to  the  time  of  a&ion.  The  moft  accurate  way  of  experimenting, 
is  to  throw  the  powders,  either  from  the  phials,  or  dire&ly  on  its  being  withdrawn  from 
the  fire,  into  a  large  flattened  glafs  veffel  with  a  narrow  neck,  which  is  corked  up  for  feverai 
hours,  and  the  condition  of  the  included  air  may  then  be  examined  by  letting  down  a  fmall 
hygrometer  fufpended  by  a  thread  from  the  (topper.  For  want  of  more  fuitable  apparatus, 
I  ufed  wine  decanters,  and  having  provided  myfelf  with  fpecimens  of  the  primitive  earths, 
I  began  with  determining  their  relative  abforbent  powers.  The  refults  at  the  fame  tern* 
perature,  of  1 6°  centigrade,  were  as  follow  t 


Carbonate  of  ftrontian 
Carbonate  of  barytes 
Quartz        . 
Marble  ^ 

Carbonate  of  magnefia 
Alumine        .        • 


/  • 


*3° 

3* 

40 

70 

u 


This  furnifhes  another  proof  that  itrontianrte  is  an  independant  earth,  fince  it  (lands 
apart  from  the  reft.  Quartz  in  fmall  rounded  fragments,  like  pigeon's  eggs,  picked  up  on 
the  beach,  gave  almoft  the  Xatne  refult  as  when  reduced  to  a  powder.  In  general,  the  only 
life  of  pounding  the  (tones  is  to  accelerate  their  performance.  It  might  be  prefumed,  that 
4he  mixtures  of  thofe  earths  would  produce  intermediate  effe£U;  vet  equal  parts  of  files. 

'  and 
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and  alutnmc  gate  as  touch,  as  ibc  latter  fingly*  But  the  quantity  of  abforption  mud  be  dif- 
tinguiflied  from  its  intenfity.  Thus  ilrontianite,  barytes,  and  filex,  are  quickly  faturated 
with  moifture,  while  magnefia  and  alumine  continue  to  imbibe  it  for  a  confidence  time. 
Theeffe&s  in  mixture  depend  on  thofe  qualities  combined  :  after  the  (ilex  has  ceafed  toa&, 
the  alumine  perfeveres,  and  through  the  intermediate  agency  of  the  air,  divefts  the  former 
of  the  minute  portion  of  humidity  which  it  had  attra&ed.  But  the  compounds  of  the  fim- 
ple  earths  are  (till  more  remarkable  ir*  their  affe&ion  to  moifturc>  fince  it  furpafies  that  of 
.their  ingredients.  Thus,  fea  fand  gives  700;  whinftone,  So0;  though  it  confifts  one  half 
of  filex,  and  the  other  half  of  alumine,  and  the  oxide  of  iron  *  in  nearly  equal  parts  y  and 
pipe  clay,  which  contains  a  large  proportion  of  filex,  85  °.  It  is  evident,  that  the  abfor- 
bent  power  of  earths  depends  as  much  on  their  mechanical  condition,  as  on  die  fpecies  of 
matter  of  whiah  they  are  compofed.  Whatever  tends  to  harden  them  diminifiies  their 
cffe£r,  and  the  contrary.  Hence  the  reafon  why  the  a£tion  of  fire  impairs  their  deGccatihg 
quality.  Quartz,  urged  in  a  blackfmith's  forge,  gives  only  19°;  but  the  fame  powder, 
after  being  foaked  a  week  in  water,  gave  35°;  and  mod  probably  it  would  have  in  time 
recovered  its  whole  original  power.  The  procefs  by  which  nature  gradually  divides*, 
foftens,  and  difpofes  (tony  bodies  to  abforb  moifture*  is  beautifully  illuftrated  in  the  in- 
fiance  of  whinftone  or  bafalt.  A  piece  of  folid  whin  (lone  gave  80  degrees  by  the  hygrome- 
ter, another  piece  rotten  and  crumbling,,  gave  86? ;  but  another  portion  of  the  fame  rock 
already  reduced  to  mould,  afforded  92  f.  The  ameliorating  efFc&s  of  culture  is  exempli* 
tied  in  fea  fand  1  fine  f$nd  caufed  a  drynefs  of  700 ;  fand  colle&ed  from  the  paths  of  a  fheep 
walk  near  the  beach  73°;  the  fame  fand,  lately  brought  into  cultivation  85 °.  Still  thefe 
gffe&s  are  inferior  to  that  of  garden  mould,  which  amounts  to  95  °,  and  to  which  decom- 
pofed  whinftone  approaches  the  neareft.  Comparing  thofe  fadls  with  the  property  lately 
difcovered  by  Humboldt,  that  the  earths  attraft  the  oxygenous  portion  of  the  air,  we  far- 
ther perceive  the  intimate  concatenation  of  changes  which  maintain  this  mundane  fyftem. 
.The  lap  of  nature  ie  prepared  for  the  reception  and  developement  of  the  vegetable  germs, 
exhibiting  in  a  reciprocating  feries  of  growth  and  decay,  the  ever  renovating  forms  of 
organic  bodies  through  endlefs  fucceffions  of  cycles. 

Sulphuric  acid  nearly  doubles  its  deficcating  power  at  every  15  degrees  of  elevation  of 
temperature,  that  at  zero  being  60  °.  The  feveral  earths  appear  to  follow  progreffions  not 
much  different. 

The  relative  effe&s  of  different  foils  may  be  afcertained  more  eafily,  by  altering  the  con* 
ftru&ion  of  the  hygrometer.  Conneft  the  two  balls  by  a  long  bent  tube  paffed  through 
two  corks,  and  cover  and  wet  them  both*     In  this  ftatc  they  are  introduced  into  the  wine 


*  The  oxide  of  iron  and  sine  which  I  have  tried,  (hewed  lefs  abforbent  powers  than  die  earthy  bodies* 
f  Thofe  Specimens  were  taken  from  a  remarkable  foot  on  the  fummit  of  Largo  Lau,  an  elegant  conical, 
mountain,  which  rifes  behind  this  place  to  the  height  of  about  Soo  feet  above  the  level  of  the  (ea.    The 
whinftone  parts  into  (mail  hexagonal  columns,  of  which  one  of  the  fides  is  fometitees  almoft  effaced; 
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decanters  containing  the  two  earths  to  fce  examined ;  the  rife  or  deprcffion  of  the  liquor 
will  indicate  which  has  the  greateft  abforbent  power,  and  the  meafure  of  its  excefs.  I 
confttu&ed  fuch  an  inftrument,  but  have  not  yet  pufhed  the  inquiry  to  any  extent. 

Before  I  conclude,  I  mud  notify  that  thodeficcating  quality  of  flannel  may  be  employed 
«for  the  graduation  of  the  hygrometer,  inftead  of  that  of  the  fulphuric  acid.  A  large  piece 
of  flannel  dried  well  at  a  fire,  laid  between  the  leaves  of  a  book  to  cool,  and  then  placed 
in  folds  within  a  large  receiver,  will  produce  a  drynefs  of  8o°  at  the  temperature  of  i6*. 
Thofe,  however,  who  wifli  to  purchafe  the  hygrometer  or  photometer,  may  apply  to  Mr. 
Cary,  optician,  in  the  Strand. 

JOHN  LESLIE. 

Largo%  Fife/hire,  June  9,  18O0. 
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AD  the  alchemift  propofed  to  fix  water  by  the  fame  apparatus,  the  neft  of  boxes  mull, 
I  fuppofe,  have  likewife  been  ruptured j  yet  it  does  not  follow  that  the  explofion  would 
have  been  fo  tremendous  :  indeed  it  is  probable  that  it  would  not,  for  if  (as  Mr.  Kirwan 
remarked  to  me)  fubftances  which  have  the  greateft  fpecific  gravity,  have  likewife  the 
greateft  attraftton  of  cohefion,  the  fuppofition  that  the  vapour  of  mercury  exceeds  in  ex- 
panfive  force  the  vapour  of  water,  would  agree  with  a  pofition  of  Sir  Ifaac  Newton,  that 
thofe  particles  recede  from  one  another  with  the  greateft  force,  and  are  tnoft  difficultly  brought 
together^  which  upon  contacl  cohere  thoft frongly  •. 

SECTION    IX. 

Before  I  attempt  to  inveftigate  the  conftituent  principles  of  this  powder,  it  will  be  pro* 
per  to  defcribe  the  procefs  and  manipulations  whiqh,  from  frequent  trials,  feem  to  me  bed 
calculated  to  produce  it. 

100  grains,  or  a  greater  proportional  quantity,  of  quickfilver  (not  exceeding  500  grains  +) 
jure  to  be  diflblved,  with  heat,  in  a  meafured  ounce  and  a  half  of  nitric  acid  %.  This  folu- 
tion  being  poured  cold  upon  two  meafured  ounces  of  alcohol  %>  previoujly  introduced  into 

-  •  Newton's  Optics,  p.  371,  4th  Ed.  Lond.  1730. 

.  f  The  reafpn  of  this  limitation  is  not  on  account  of  any  danger  attending  the  procefs;  bnt  becaufe  the 
.quantities  of  nitric  acid  and  alcohol  required  for  more  than  500  grains,  would  recite  a  degree  of  .heat 
4etrimeo.taj  to  the  preparation. 

t  Of  the  fpecific  gravity  tf  about  J, 3. 
J  Of  the  fpecific  gravity  of  about  ,849** 
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any  convenient  glaf*  veflel,  a  moderate  heat  is  to  be  applied  until  an  effcrvefcence  is  excited. 
A  white  fume  then  begins  to  undulate  on  the  furface  of  the  liquor ;  and  the  powderwill  be 
gradually  precipitated,  upon  the  ceflation  of  a&ion  and  re-a&ion.  The  precipitate  is  to  be 
immediately  colle£ted  on  a  filter,  well  wafhed  with  diftilled  water,  and  carefully  dried  in  a 
heat  not  much  exceeding  that  of  a  water  bath.  The  immediate  edulcoration  of  the  powder 
is  material,  becaufe  it  is  liable  to  the  re-a&ion  of  the  nitric  acid ;  and}  whilft  any  of  that 
acid  adheres  to  it,  it  is  very  fubjcft  to  the  influence  of  light.  Let  it  alfo  be  cautioufly  re- 
membered, that  the  mercurial  folution  is  to  be  poured  upon  the  alcohol. 

I  have  recommended  quickfilver  to  be  ufed  in  preference  to  an  oxide,  becaufe  it  feems  to 
anfwer  equally,  and  is  lefs  expenfive ;  otherwife,  not  only  the  pure  red  oxide,  but  the  red 
nitrous  oxide,  and  turpeth,  may  be  fubftituted ;  neither  does  it  feem  eflcntial  to  attend  to 
the  precife  fpecific  gravity  of  the  acid,  or  the  alcohol.  The  rectified  fpirit  of  wine  and  the 
nitrous  acid  of  commerce,  never  failed,  with  me,  to  produce  a  fulminating  mercury.  It  is 
indeed  true,  that  the  powder  prepared  without  attention,  is  produced  in  different  quantities, 
varies  in  colour,  and  probably  in  ftrength.  From  analogy,  I  am  difpofed  to  think  the 
whiteftis  the  ftrongeft;  for  it  is  well  known,  that  black  precipitates  of  mercury  approach 
the  neareft  to  the  metallic  date.  The  variation  in  quantity  is  remarkable ;  the  fmalleft 
quantity  I  ever  obtained  from  IOO  grains  of  quickfilver  being  120  grains,  and  the  Urged 
132  grains.  Much  depends  on  very  minute  circumftances.  The  greateft  produ&  feems 
to  be  obtained,  when  a  veflel  is  ufed  which  condenfes  and  caufes  mod  ether  to  return  into 
the  mother  liquor  \  be  fides  which,  care  is  to  be  had  in  applying  the  requifite  heat,  that  a 
fpeedy,  and  not  a  violent  a&ion  be  effe&ed.  100  grains  of  an  oxide  are  not  fo  produ&ive 
as  100  grains  of  quickfilver. 

As  to  the  colour,  it  feems  to  incline  to  black,  when  the  a&ion  of  the  acid  on  the  alcohol 
is  moft  violent,  and  vice  verfi. 

SECTION    X. 

I  need  not  obferve,  that  the  gafes  which  were  generated  during  the  combuftion  of  the 
powder  in  the  glafs  globe,  were  neceflarily  mixed  with  acmofpheric  air ;  the  facility  with 
which  the  ele&ric  fluid  pafies  through  a  vacuum,  made  fuch  a  mixture  unavoidable. 

The  cubical  inch  of  gas  received  over  water  was  not  readily  abforbed  by  it :  and,  as  it 
foon  cxtinguifhed  a  taper,  without  becoming  red,  or  being  itfelf  inflamed,  barytes  water 
was  let  up  to  the  three  cubical  inches  received  over  mercury,  when  a  carbonate  of  barytes 
was  immediately  precipitated. 

The  refidue  of  feveral  explofions,  after  the  carbonic  acid  had  been  feparated,  was  found, 
by  the  teft  of  nitrous  gas,  to  contain  nitrogen  or  azotic  gas ;  which  does  not  proceed  from, 
any  decompofition  of  atmofpheric  air,  becaufe  the  powder  may  be  made  to  explode  under 
the  exhaufted  receiver  of  an  air-pump.  It  is  therefore  manifeft,  that  the  gales  generated 
during  the  combuftion  of  the  fulminating  mercury,  conGft  of  carbonic  acid  and  nitrogen 
jafes. 
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SECTION      XI. 

The  principal  re-agents  which  decompofcthe  mercurial  powder,  are  the  nitric,  the  ful- 
phuric, and  the  muriatic  acids.  The  nitric  changes  the  whole  into  nitrous  gas,  carbonic 
acid  gas,  acetous  acid,  and  nitrate  of  mercury.  I  refolved  it  into  thefe  different  principles, 
by  diftilling it  pneumatically  with  nitric  acid:  this  acid,  upon  the  application  of  heat,  foon 
diflblved  the  powder,  and  extricated  a  quantity  of  gas,  which  was  found,  by  well  known 
tefts,  to  be  nitrous  gas  mixed  with  catbonic  acid  gas.  The  diftillation  was  carried  on  until 
gas  no  longer  came  over.  The  liquor  of  the  retort  was  then  mixed  with  the  liquor  col- 
lefted*  in  the  receiver,  and  the  whole  faturated  with  pot-afli ;  which  precipitated  the  mer- 
cury in  a  yellowifh-brown  powder,  nearly  as  it  would  have  done  from  a  folution  of  nitrate 
of  mercury.  This  precipitate  was  feparated  by  a  filter,  and  the  filtrated  liquor  evaporated 
to  a  dry  fait,  which  was  waflied  with  alcohol.  A  portion  of  the  fait  being  refufed  by  this 
menrtruum,  it  was  feparated  by  filtration,  and  recognized,  by  all  its  properties,  to  be 
nitrate  of  pot-afh.  The  alcoholic  liquor  was  likewife  evaporated  to  a  dry  fait,  which, 
upolf  the  affufion  of  a  little  concentrate  fulphuric  acid,  emitted  acetous  acid,  contaminated 
with  a  feeble  fmell  of  nitrous  acid,  owing  to  the  folubility  of  a  fmall  portion  of  the  nitre 
in  the  alcohol. 

SECTION      XII. 

-The  fulphuric  acid  afts  upon  the  powder  in  a  remarkable  manner,  as  already  has  been 
noticed.  A  very  concentrate  acid  produces  an  explofien  nearly  at  the  inftant  of  -coutaft, 
on  account,  I  prefume,  of  the  fudden  and  copious  difengagement  of  caloric  from  a  portion 
of  the  powder  which  is  decompofed  by  the  acid.  An  acid  fomewhat  lefs  concentrate  like* 
wife  extricates  a  confiderable  quantity  of  caloric,  with  a  good  deal  of  gas ;  but,  as  it  effefts 
a  complete  decompofition,  it  caufes  no  explofion.  An  acid  diluted  with  an  equal  quantity 
of  water,  by  the  aid  of  a  little  heat,  feparates  the  gas  fo  much  lefs  rapidly,  that  it  may 
with  fafety  be  colle&ed  in  a  pneumatic  apparatus.  But,  whatever  b?  the  den  fit y  of  the 
acid,  (provided  no  explofion  be  produced,)  there  remains  in  the  fulphuric  liquor,  after  the 
{Separation  of  the  gas,  a  white  uninflammable  and  uncryftalized  powder,  mixed  with  fome 
minute  globules  of  quickfilver. 

To  eftimate  the  quantity,  and  obferve  the  nature,  of  this  uninflammable  fubftance,  I 
treated  100  grains  of  the  fulminating  mercury  with  fulphuric  acid  a  little  diluted.  The 
gas  being  feparated,  I  decanted  off  the  liquor  as  it  became  clear,  and  freed  the  infoluble 
powder  from  acid,  by  edulcoration  with  diftilled  water ;  after  which,  I  dried  it,  and  found 
it  weighed  only  84  grains;  consequently  had  loft  16  grains  of  its  original  weight.  Suf- 
pe&ing,  from  the  operation  of  the  nitric  acid  in  the  former  experiment,  that  thefe  84 
grains  (with  the  exception  of  the  quickfilver  globules)' were  oxalate  of  mercury,  I  digefted 
them  in  nitrate  of  lime,  and  found  my  fufpicion  juft.  The  mercury  of  the  oxalate  united 
to  the  nitric  acid,  and  the  oxalic  acid  to  the  lime.    A  new  infoluble  compound  was  formed  ; 
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it  weighed,  when  wafhed  and  dry,  48,5  grains.  Carbonate  of  pot-afh  feparated  the  lime, 
and  formed  oxalate  of  pot-afh,  capable  of  precipitating  lime-water,  and  muriate  of  lime •, 
although  it  had  been  depurated  from  excels  of  alkali,  and  from  carbonic  acid,  by  a  previous 
addition  of  acetous  acid.  That  the  mercury  of  the  oxalate  in  the  84  grains,  had  united  to 
the  nitric  acid  of  the  nitrate  of  lime,  was  proved  by  dropping  muriatic  acid  into  the  liquor 
from  which  the  fubftance  demonftrated  to  be  oxalate  of  lime  had  been  feparated ;  for  a  cor 
pious  precipitation  of  calomel  inftantly  enfued. 

The  fulphuric  liquor,  decanted  from  the  oxalate  of  mercury,  was  now  added  to  that 
with  which  it  was  edulcorated,  and  the  whole  faturated  with  carbonate  of  pot-afh*  As 
eflfervefcence  ceafed,  a  cloudinefc  and  precipitation  followed ;  and  the  precipitate,  being 
colle&ed,  wafhed,  and  dried,  weighed  3,4  grains :  it  appeared  to  be  a  carbonate  of  mer- 
cury. Upon  evaporating  a  portion  of  the  faturated  fulphuric  liquor,  I  found  nothing  bur 
fulphate  of  pot-afh ;  nor  had  it  any  metallic  tafte.  There  then  remains,  without  allowing 
for  the  weight  of  the  carbonic  acid  united  to  the  3,4  grains,  a  deficit  from  the  xoo  grains 
of  mercurial  powder,  of  1 2,6  grains,  which  I  afcribe  to  the  gas  feparated  by  the  a&ion  of 
the  fulphuric  acid.  To  afcertain  the  quantity,  and  examine  the  nature,  of  the  gas  fo  fe» 
parated,  I  introduced  into  a  very  fmall  tubulated  retort,  50  grains  of  the  mercurial  ppw- 
def,  and  poured  upon  it  3  drams,  by  meafure,  of  fulphuric  acid,  diluted  with  an  equaj 
quantity  of  water,  and  extricated  the  gas  with  the  afliftance  of  a  gentle  heat.  I  firft  re- 
ceived it  over  quickfilver,  the  furface  of  which,  during  the  operation,  partially  covered 
itfelf  with  a  little  black  powder*. 

The  gas,  by  different  trials,  amounted  from  28  to  31  cubical  inches;  it  at  firft  appeared 
to  be  nothing  but  carbonic  acid,  as  it  precipitates  barytes  water,  and  extinguifhed  a  taper, 
without  being  itfelf  inflamed,  or  becoming  red.  But,  upon  letting  up  to  it  liquid  cauftic 
ammoniac,  there  was  a  refidue  of  from  5  to  7  inches  of  a  peculiar  inflammable  gas,  which 
burnt  with  a  greenifh  blue  flame.  When  I  made  ufe  of  the  water-tub,  I  obtained,  from 
the  fame  materials,  from  25  to  27  inches  only  of  gas,  although  the  average  quantity  of 
the  peculiar  inflammable  gas  waslikewife  from  5  to  7  inches;  therefore,  the  difference  of 
the  aggregate  produft,  over  the  two  fluids,  muft  have  arifen  from  the  abforption,  l>y  the 
water,  of  a  part  of  the  carbonic  acid  in  its  nafcent  ftate?.  The  variation  of  the  quantity  pf 
the  inflammable  gas,  when  powder  from  the  fame  parcel  is  ufed,  feems  to  depend  upon  the 
acid  being  a  little  more  or  lefs  dilute. 

With  refpefk  to  the  nature  of  the  peculiar  inflammable  gas,  it  is  plain  to  me,  from  the 
reafons  I  fhall  immediately  adduce,  that  is  is  no  other  than  the  gas  (in  a  pure  date)  into 
which  the  nitrous  etherized  gas  can  be  refolved,  by  treatment  with  dilute  fulphuric  acid. 

The  Dutch  chemifts  have  fhewnf,  that  the  nitrous  etherized  gas  can  be  refolved  into 
nitrous  gas,  by  expofure  to  concentrate  fulphuric  acid,  and  that,  by  ufing  a  dilute  inffca4 


*  I  cannot  account  for  this  appearance. 

t  Journal  dt  Phyfiqui>  p.  150,  October,  1794. 
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of  a  concentrate  acid,  a  gas  is  obtained  which  enlarges  the  flame  of  a  burning  taper,  fo 
much  like  the  gafeous  oxide  of  azote,  that  they  miftook  it  for  that  fubftance,  until  they 
difcovered  that  it  was  permanent  over  water,  refufed  to  detonate  with  hydrogen,  and  that 
the  fallacious  appearance  was  owing  to  a  mixture  of  nitrous  gas  with  an  inflammable  gas. 

The  inflammable  gas  feparated  from  the  powder,  anfwers  to  the  defcription  of  the  gas 
which  at  firft  deceived  the  Dutch  chemifts ;  I  ft,  in  being  permanent  over  water;  idlft 
refufing  to  detonate  with  hydrogen ;  and,  3dly,  having  the  appearance  of  the  gafeous  oxie'e 
of  azote,  when  mixed  with  nitrous  gas. 

The  gas  feparable  by  the  fame  acid,  from  nitrous  etherized  gas,  and  from  the  mercurial 
powder,  have  therefore  the  fame  properties.  Every  chemift  would  thence  conclude,  that 
the  nitrous  etherized  gas  is  a  conftituent  part  of  the  powder,  had  the  inflammable  and  ni- 
trous gas,  inftead  of  the  inflammable  and  carbonic  acid  gas,  been  the  mixed  prod u ft  extri- 
cated from  it  by  dilute  fulphuric  acid. 

It  however  appears  to  me,  that  nitrous  gas  was  really  produced  by  the  a£tion  of  the 
dilute  fulphuric  acid ;  and  that,  when  produced,  it  united  to  an  excefs  of  oxygen  preferit 
in  the  oxalate  of  mercury. 

To  explain  how  this  change  might  happen,  I  muft  premife,  that  my  experiments  have 
(hewn  me,  that  oxalate  of  mercury  can  exift  in  two,  if  not  in  three  dates. 

i ft,  By  the  difcovery  of  Mr.  Ameilon  already  quoted,  the  precipitate  obtained  by  oxalic 
acid,  from  nitrate  of  mercury,  fufes  with  a  hiding  noife.  This  precipitate  is  an  oxalate 
of  mercury,  feemingly  with  excefs  of  oxygen.  Mercury  diflblved  in  fulphuric  acid  and 
precipitated  by  oxalic  acid,  and  alfo  the  pure  red  oxide  of  mercury  digefted  with  oxalic 
acid,  give  oxalates  in  the  fame  ft  ate. 

2dly,  Acetate  of  mercury  precipitated  by  oxalic  acid,  although  a  true  oxalate  is  formed, 
has  no  kind  of  inflammability.  I  con  fide  r  it  as  an  oxalate  with  lefs  oxygen  than  thofe 
above-mentioned. 

3dly,  A  folution  of  nitrate  of  mercury  boiled  with  dulcified  fpirit  of  nitre,  gives  an  oxa- 
late more  inflammable  than  any  other :  perhaps  it  contains  mod  oxygen. 

The  oxalate  of  mercury  remaining  from  the  powder  in  the  fulphuric  liquor,  is  not  only 
always  in  the  fame  ftate  as  that  precipitated  from  acetate  of  mercury,  entirely  devoid  of 
inflammability,  but  contains  globules  of  quickfilver ;  confequently,  it  muft  have  parted  - 
with  even  more  than  its  excefs  of  oxygen ;  and,  if  nitrous  gas  was  pre  fen  t,  it  would  of 
courfe  feize  at  leaft  a  portion  of  that  oxygen.  It  is  true,  that  globules  of  quickfilver  may 
feem  incompatible  with  nitrous  acid ;  but  the  quantity  of  the  one  may  not  correfpond  with 
that  of  the  other,  or  the  dilution  of  the  acid  may  deftroy  its  ad  ion. 

As  to  the  prefence  of  the  carbonic  acid,  it  muft  haver  arifen  either  from  a  complete  * 
decompofitidn  of  a  part  of  the  oxalate ;  or,  admitting  the  nitrous  etherized  gas  to  be  a 
conftituent  principle  of  the  powder,  from  a  portion  of  the  oxygen,  not  taken  up  by  the 
nitrous  gas,  being  united  with  the  carbon  of  the  etherized  gas. 

•  Inflammable  oxalate  of  mercury,  made  to  fufe  in  a  retort  connected  with  the  quickfilver  tub,  gives  out 
carbonic  acid  gas. 

SECTION 
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SECTION    XIIL 

The  muriatic  acid  digefted  with  the  mercurial  powder,  diflblves  a  portion  of  it, 
without  extricating  any  notable  quantity  of  gas.  The  diffolution  evaporated  to  a  dry  fait, 
taftes  like  corrofive  fubHmate ;  and  the  portion  which  the  acid  does  not  take  up,  is  left  in 
the  (late  of  an  uninflammable  oxalate. 

SECTION      XIV. 

Thefe  effe&s  all  tend  to  eftablifli  the  exiftence  of  the  nitrous  etherized  gas,  as  a  consti- 
tuent part  of  the  powder;  and  likewife  corroborate  the  explanation  I  have  ventured  to 
give,  of  the  aftion  of  the  fulphuric  acid.  Moreover,  a  meafured  ounce  and  a  half  of  ni« 
trous  acid,  holding  ioo  grains  of  mercury  in  folution,  and  2  meafured  ounces  of  alcohol, 
yield  9,0  cubical  inches  only  of  ga3  :  whereas,  without  Hie  intervention  of  mercury,  they 
yield  210  inches.  Upon  the  whole,  I  truft  it  will  be  thought  reafonable  to  conclude,  that 
the  mercurial  powder  is  compofed  of  the  nitrous  etherized  gas,  and  of  oxalate  of  mercury 
with  excefs  of  oxygen* 

I  ft,  Becaufe  the  nitric  acid  converts  die  mercurial  powder  intrrely  into  nitrous  gas, 
carbonic  acid  gas,  acetous  acid,  and  nitrate  of  mercury; 

2dly.  Becaufe  the  dilute  fulphuric  acid  refolves  it  into  an  uninflammable  oxalate  of  mer- 
cury, and  feparates  from  it  a  gas  refembling  that  into  which  the  fame  acid  refolves  the 
nitrous  etherized  gas. 

3dly.  Becaufe  an  uninflammable  oxalate  is  likewife  left,  after  the  muriatic  acid  has 
converted  a  part  of  it  into  fublimate. 

4thly.  Becaufe  it  cannot  be  formed  by  boiling  nitrate  of  mercury  in  dulcified  fpirit  of 
nitre ;  although  a  very  inflammable  oxalate  is  by  this  means  produced. 

5thly.  Becaufe  the  difference  of  the  produft  of  gas,  from  the  fame  meafures  of  alcohol 
and  nitrous  acid,  with  and  without  mercury  in  folution,  is  not  trifling  ;  and, 

6thly.  Becaufe  nitrogen  gas  was  generated  during  its  combuftion  in  the  glafs  globe* 

Should  my  conclufions  be  thought  warranted  by  the  reafons  I  have  adduced,  the  theory 
of  the  comtciftion  <*f  the  mercurial  powder  will  be  obvious  to  every  chemift.  The  Hy- 
drogen of  the  oxalic  acid,  and  of  the  etherized  gas,  is  firft  united  to  the  oxygen  of  the 
oxalate,  forming  wafer #;  the  carbon  is  faturated  with  oxygen,  forming  carbonic  acid  gas; 
and  a  part,  if  not  the  whole  of  the  nitrogen  of  the  etherized  gas,  is  feparated  in  the  (late 
of  nitrogen  gas;  both  of  which  laft  gafes,  it  maybe  recollefted,  were  after  the  explofion 
prefent  in  the  glafs  globe.  The  mercury  is  revived,  and,  I  prefume,  thrown  into  vapour; 
as  may  well  be  imagined,  from  the  immenfe  quantity  of  caloric  extricated,  by  adding  con- 
centrate fulphuric  acid  to  the  mercurial  powder. 

•  Drops  of  water  were  obfenred  on  the  internal  furface  of  the  globe,  the  day  after  feveral  explofions  had; 
%ecu  produced  in  its  centre, 

I  will 
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traded,  till  coming  into  the  form  of  balls,  too  hca?y  to  be  fupportedj  they  fell  down 
to  the  mafs  of  mercury  in  the  bafon. 

The  mod  obvious  inference  from  thefe  experiments  is,  that  water,  when  reduced  by  any 
means  to  the  ftate  of  vapour,  is  in  part  converted  into  phlogifticated  air,  and  that  this 
is  one  of  the.  means  provided  by  nature  to  keep  up  the  equilibrium  of  this  conftituent  part 
of  the  atmofphere ;  as  the  influence  of  light  on  growing  vegetables  is  the  means  of  re- 
cruiting the  other  parts  of  it,  viz.  dephlogifticated  air,  and  both  of  them  ate  fubje&  to 
abforption  and  diminution  in  feveral  natural  procefies*  Inflammable  air,  I  have  alfo  (hewn 
to  be  convertible  into  phlogifticated  air  *  fo  that  this  is  another  method  of  fupplying  the 
atmofphere. with  this  ingredient  in  its  compoGtion. 

That  water  contains  phlogifton,  I  have  {hewn  to  be  probable  from  feveral  confiderations, 
efpecially  that  of  its  refembling  metals  in  their  property  of  being  conductors  of  ele&ricity. 
For  thefe  fubftances  certainly  contain  phlogifton,  if  there  be  any  fucb  thing.  Mercury 
alfo  becomes  fuper-phlogifticated  by  agitation  in  water,  and  this  without  limit,  and  without 
changing  the  water  or  the  mercury  ;  and  the  remaining  water  contains  no  more  oxygen 
than  before.  For  the  air  expelled  from  it  is  not  more  pure,  but  confidently  lefs  fo,  and  it 
is  perfedUy  free  from  acidity. 

I  would  further  obferve,  that  thefe  experiments,  which  prove  the  converfion  of  water 
into  phlogifticated  air,  are  inconfiftent  with  the  .antiphlogjftic  theory,  which  makes  water 
refolvable  into  dephlogifticated  and  inflammable  air;  but  that  they  are  highly  favourable 
to  the  hypothecs  of  water  being  the  bafis  of  every  kind  of  air,  the  difference  between 
them  depending  upon  the  addition,  ,of  fome  principles'  which  we  are  not  able  to  ascertain 
by  weight;  Alfo,  if  any  fpecies  of  air  be  entitled  to  the  appellation  of  hydrsgen>  it  &  not 
inflammable,  but  phlogifticated  air* 


II. 

On  the  Abforbeni Powers  of  different.  Earths..   By  Mr.  Jqhn  Leslie.    Communicated 

by.  the  Author* 
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Jf  completing  my  researches  in  hygrometry,  I  have  been  led  to  .examine  the  habitudes 
©f  the  earthy  bodies,  with  refpe&  to  moifture*  I  had  already  difoovered,  that  animal  and 
vegetable  matters,  like  the  (aline  and. deliquescent  fubftances,- attraft  humidity  by  a  force 
altogether  dtftin£b  from,  that  of  capillary  abforption^  and/ attended  with  diminutUm  of 
volume,  evolution  of  heat,  and  the  other  concomitants  which  mark  a  real  change,  of.  coqf 
ftitwttosu  And  while . the  -empire -  of  chemical  agency  < feemed .extending^  oa  cve*y  fide, 
itfW^Siveafofiable  to  doubt-  if  the  earths  therafelvts-  continued » entirely  inert  andpaffivo 
updefcthe  atmofpherical.  influences*  My  fufpicions  wore  fully,  tcoafirmedi  by  experiment* 
Ml  fa  tertkr  cad.  jhny>bodie9>  eminently  at tra&  m$ftuH> frtmtht  nuryau/Utbis  nwtb>diflrrtnt 

degree; 


On  the  AbforUnt  Pomrs  ofdtfcrtkt  Eartfa  197 

degrees  offeree,  modified  alfi  by  temperature,  which  affeBs  the  meafure  of  all  combinations.    The : 
fa&s  thus  obtained,  though  not  of  a  brilliant  nature,  appear  highly  inftru&ive,  and  if 
profecuted  with  attention,  might  throw  fome  light  on  the  obfcure  theory  of  vegetation, 
and  fugged  ufeful  improvements  in -agriculture  and  rural  (economy.    I  give  this  early* 
notice  of  the  little  which  I  have  done,  as  it  fecms  to  diverge  from  that  line  of  inquiry* 
which  I  had  prefcribed  to  myfelf,  and  as  I  (hall  not  at  lead  for  the  prefent,  purfue  it 
farther.    But  I  earneftly  invite  chemifts  and  naturalifts  to  rcfume  afubjed  which  protmfes 
fuch  an  eafy  and  abundant  harveft. 

My  procedure  was  this:— The  earths,  or  the  ftony  matters  grofsly  pounded,  were  dried 
thoroughly  before  a  good  fire,  and  immediately  introduced  into  phials,  which  were  (lopped 
up  and  fet  aide  to  cool.    The  firft  objeft  was  to  afcertain,  whether  the  degree  of  heat  to 
which  they  were  fubje&ed  in  drying,  would  affeft  their  abf9rbent  quality.    I  foon  per* 
ceived,  however,  that  the  refults  were  quite  regular  and  uniform.     In  fad,  the  powder 
is  dried  in  this  cafe  not  by  the  aftion  of  the  hot  air  on  its  furface,  but  by  the  heat  pene- 
trating the  mafs,  and  communicating  to  the  aqueous  particles  the  difpofition  to  afiume  the 
vaporous  (late,  with  the  correfponding  elafticity  of  (learn,  which  beyond  the  boiling  point 
increafes  with  mod  rapid  progreflibn,  and  which  enormous  diftenfive  power  foon  over- 
comes the  obftinate  adhefion  to  the  earthy  bafis.    Any  heat  almoft  between  the  100th  and 
300th  degree  of  the  centigrade  fcale,  will  bring  the  fubftances  into  the  proper  condition* 
This  deficcated  powder  is  ftrewed  on  the  bottom  of  a  faucer  holding  an  hygrometer,  over 
whichafmall  receiver  is  inverted.    la  a  few  minutes  the  inftrument  marks  the  higheft 
degree  of  drynefs  produced;    Here  are  a  few  of  the' principal  refults  indicated  by  this 
mode^  at  the  temperature  of  16*  centigrade. 

Free  ilone        .        .        .        .        .        .        370 

Fine  fea  fand        .        •  40 

Marble  .  :        .        •        .        47 

Common  clay 68 

Sea  fand,  lately  cultivated         ...        72 

Sandy  fchift 75 

Bog  earth  •  .      • .         •         .  77 

Rbtten  whinftone     *•        .         .         •         •      78 
Garden  mould      .       •.         •       -.       ••  86 

It  is  remarkable  that  marble  and  quicklime*  produce  exa&ly  the  fame  effeft,  and  that  in 
general  no  fenfible  difference  is  perceived  between  th£  'pure  earths  and  their  carbonates* 
The  great  abforbent  p»wer  of*  the  argillaceous,  compared  with  the  filicious  bodies,  alfo  de- 
fefcves  particular  notice:1  But  the*  cultivated1  foils  poflefs  that  power  in  the  mod  confpitu- 
ous  degree.  •  Garden  mould:  (lamia  ^t  the  top  of  the  fcale,  and  even  fea  fand,  which  c^ufee 
a,dryncfc  of  40*;pnly  isy  by  a  few-years' tiltoge,  rendered  capable  of  producing  that  of  72°. 
Nor  is  it  the  openuion  of  manure^  forthe  fingle  efFe&  of  this  material  is  inferior  to  that  of 
moftof  the«^dx%    Ic  feenia  highly  ptobaMty  that  th*  fertility  of 7  foils  depends  chiefly  on 

their 
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traced,  till  coming  into  the  form  of  balls,  too  heavy  to  be  fupportedj  they  fell  down 
to  the  mafa  of  mercury  in  the  bafon. 

The  mod  obvious  inference  from  thcfe  experiments  is,  that  water,  when  reduced  by  any 
means  to  the  (late  of  vapour,  is  in  part  converted  into  phlogifticated  air,  and  that  this 
is  one  of  the  means  provided  by  nature  to  keep  up  the  equilibrium  of  this  conftituent  part 
of  the  atmofphere ;  as  the  influence  of  light  on  growing  vegetables  is  the  means  of  re- 
cruiting the  other  parts  of  it,  viz.  dephlogifticated  air,  and  both  of  them  are  fubject  to 
abforption  and  diminution  in  feveral  natural  procefles.  Inflammable  air,  I  have  alio  (hewn 
to  be  convertible  into  phlogifticated  air  {  fo  that  this  is  another  method  of  fupplying  the 
atmofphere- with  this  ingredient  in  its  compoGtioo. 

That  water  contains  phlogifton,  I  have  (hewn  to  be  probable  from  feveral  conGderations, 
efpccially  that  of  its  refemb]ing  metals  in  their  property  of  being  conductors  of  electricity. 
For  thele  fubftances  certainly  contain  phlogifton,  if  there  be  any  fuch  thing.  Mercury 
alfo  becomes  fuper-phlogifticated  by  agitation  in  water,  and  this  without  limit,  and  without 
changing  the  water  or  the  mercury ;  and  the  remaining  water  contains  no  more  oxygen 
than  before.  For  the  air  expelled  from  it  is  not  more  pure,  but  conuderably  lefs  fo,  and  it 
is  perfectly  free  from  acidity. 

I  would  further  obfenc,  that  thefe  experiments,  which  prove  the  convcrfion  of  water 
into  phlogifticated  air,  are  inconfiftent  with  the  antiphlogistic  theory,  which  makes  water 
refelvablc  into  dephlogifticated  and  inflammable  air;  but  that  they  are  highly  favourable 
to  the  hypotheus  of  water  being  the  bafis  of  every  kind  of  air,  the  difference  between 
them  depending  upon  the  addition,  of  feme  principles'  which  we  are  not  able  to  afcertain 
by  weight.  Alio,  if  any  (pedes  of  air  be  entitled  to  the  appellation  of  kjdragent  it  is  not 
inflammable,  but  phlogifticated  air. 


On  the  AbforbtlU  Powtrs  of  difftrenl.  Earths.     By  Mr.  Jong  Leshf..     Communicated 
by.  the  Author- 


Ifc 


r  completing  my  refcaiches  in  hygrometry,  I  have  been  led.  to  .examine  the  habitudes 
of.  the  earthy  bodies  with  refpect  to  moifture.  I  had  already  difeovercd,  that  animal  and 
vegetable  matters,  like  the  faline  and  deliquescent  fubftances, -attract  humidity  by  a  force 
altogether  diftintt  from,  that  of  capillary  absorption,,  aiwh  attended  with  diminution  of 
volume,  evolution  of  heat,  and  the  other  concomitants  which  mark  a  real  change>iaf>cort* 
ftitMioa.  And  while  the  empire  of  chemical  agency  feemed.  extending'  o».esesjr  fide, 
it  was.rcafenabte  to  doubt  if  the  carina  themfetre*.  continued. entirely  incr"  and  paSkre 
unde&the  atmofphcrical:  influences.  My  fufpicions  wore  fully  ■coafirmodi  b;.  experiment* 
AH  the.  tartbr  and  jhrtfbixlit*' eminently  attraS  rmiJiwf/rHnti*  airy  aiyLjbu  •with,  difftrmt 
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degrtet  of  force,  modified  alfi  by  temperature,  which  off  efts  the  meafure  of all combinations.  The 
fails  thus  obtained,  though  not  of  a  brilliant  nature,  appear  highly  inflrutlivc,  and  if 
profecuted  with  attention,  might  throw  fome  light  on  the  obfcure  theory  of  vegetation, 
and  fuggeft  ufeful  improvements  En  agriculture  and  rural  economy.  I  give  this  early 
notice  of  the  little  which  I  have  done,  as  it  feema  to  diverge  from  that  line  of  inquiry- 
which  I  had  prefcribed  to  myfelf,  and  as  1  (hall  not  at  lead  for  the  prefent,  purfue  it 
farther.  But  I  earneftly  invite  chemifts  and  naturaltfis  to  refutne  a  fubject  which  promifes 
fuch  an  eafy  and  abundant  harveft. 

My  procedure  was  this :— The  earths,  or  the  ftony  matters  grofsly  pounded,  were  dried 
thoroughly  before  a  good  fire,  and  immediately  introduced  into  phials,  which  were  (topped 
up  and  fet  afide  to  cool.  The  firft  object  was  to  afcertain,  whether  the  degree  of  heat  to 
which  they  were  fubjeeted  in  drying,  would  affect  their  abforbent  quality.  I  foon  per- 
ceived, however,  that  the  refults  were  quite  regular  and  uniform.  In  fact,  the  powder 
is  dried  in  this  cafe  not  by  the  action  of  the  hot  air  on  its  furface,  but  by  the  heat  pene- 
trating the  mafs,  and  communicating  to  the  aqueous  particles  the  difpofition  to  aflame  the 
vaporous  (late,  with  the  correfponding  elafticity  of  fleam,  which  beyond  the  boiling  point 
increafes  with  moft  rapid  progreflion,  and  which  enormous  diftenfive  power  foon  over- 
comes the  obftinate  adhefion  to  the  earthy  bans.  Any  beat  almoft  between  the  ioo,b  and 
300"'  degree  of  the  centigrade  fcale,  will  bring  the  fubftances  into  the  proper  condition. 
This  deficcated  powder  is  fire  wed  on  the  bottom  of  a  faucet  holding  an  hygrometer,  over 
which  a  fmall  receiver  is  inverted.  In  a  few  minutes  the  inftrument  marks  the  hSghefl 
degree  of  drynefe  produced.  Here  are  a  few  of  the  principal  refults  indicated  by  this 
mode!  at  the  temperature  of  16*  centigrade. 

Free  done 370 

Fine  fea  fand 40 

Marble  ..:..,        47 

Common  clay (58 

Sea  fand,  lately  cultivated         ...        72 

Sandy  fchtft 75 

Dog  earth 77 

Rotten  whinftone 78 

Garden  mould      .       ■ .         .       ■ .       ■ .  80 

It  is  remarkable  that  marble  and  quicklime-  produce  exactly  the  fame  effect,  and  that  in 
general  no  fenfible  difference  is  perceived  between  the  pure  earths  and  their  carbonates. 
The  great  abforbent  power  of.  the  argillaceous,  compared  with  the  filicious  bodies,  alio  <fe- 
feires  particular  notice;1  But  lb*  cultivated  foils  poffefs  that  power  in  the  moft  coa/pJ«- 
aasdtgK*.'  Garden  mould:  ftanda-at'tnetop 1  of  the  fcalei  and  even  fea  fand,  wfifc**** 
adryne&pf-40?^niyi»/4»y*«>W50B»V,tillij^,  rendered  eapable  of  prcJuririglW-'**; 
«  effect  of  this  material  is  infer***' *}*_,, 


Nor  is  it  the  operation  of  manure*  for  the  (ingle 

raofl  of  the  earths.    It  fccm»  highly  probable,  iJv  -tilrtv  of  foils  Jcpem 


#<*?? 


Cm?  wf  tie.  5dt  vntdzi*  il  tie  scans  xaf  x  rmnpmnn  body,  famHi  W  its  complete 
asm.  aL  oner  lunfeaics*.  whcL  iw  -fhar  jBcfeace,  may  tend  to  introduce 
ice  32I11G  ir  tic  jim-Trr  3c  ace  f  nyiiji  11  Bet  it  is  idaom  that  a 
xc  bskwe  m  k  ioouskc  h  ae  jfln?f±i  re  <ihsm"ira^  xdearci ;  for,  agreeably 
11  a  obti  r?  ie  afcun.  oc  is±  jm  uum  i£  xry  rnTrfrsnre  ut  Jsparased  with  peculiar 
■cjfcur*  ,  roe  Turr  if  aznchinx  Krars^  t*  jacrai,  as  wc  recede  iron  the  point  of 
Ix  a  irriat  ±hz,  ^e  aucacir  *m  s  a  rnalr  «s£t  ii&jecx  for  analytic 
5s.  .»  zii£  imrtpst  i;i  ti  •crtr.*-  viid  x  car  fee  yiauiiril,  h  still  contains  a 
rzr.     Tiia  waey  acrzirs*  arnr.r>  zhr  cjfgrrugxhy  which  it  in- 

T  craebrf  rur  feasance  that  may  be 

cii  of  sodie*,  having  left  diflU 

rie  ao£9  will  necrrarily  take  it  from  the 


£iarcs»     Tie  iacc  zz  gas,  ^ctziztz,  is  the  csiy  oae  in  which  the  muriatic  acid 

ooiccr  of  aca'v£s> 

oa  ziis  gas,  which  I  am  bow  about  to  defcribe,  I  employed 


scrH  preferable  to  artificial  heat.  This  mode  of  operating 
»  £2  coc£se  acc^rarely  :!»-  gafes  fabmirtcd  to  experiment ;  the  phenomena  that 
ccqct  dzzirg  £x  prccefs,  r=ay  be  diditxlly  obferred  ;  and  the  comparifon  of  the  produfts, 
xrirh  the  original  gales,  may  be  inftkuted  with  great  exact  nefs.  The  adion  of  the  ele&ric 
fiuid  itfelf,  as  a  decompencat,  is  extremely  powerful;  for  it  is  capable  of  feparating  from 
each  ether,  the  condiment  parts  of  water,  of  the  nitric  and  fulphuric  acids,  of  the  volatile 
alkali,  of  nitrous  gas,  and  of  fereral  other  bodies,  whofe  components  are  ftrongly  united. 
I  began,  therefore,  with  examining  attentively  the  cfie&s  of  the  ele£bic  muriatic  acid 
gas,  without  admixture  *. 

SECTION    I. 

On  the  EtfecJf  of  Eieclricity  en  A  fanatic  Acid  Gas. 

When  ftrong  ele&rical  (hocks  were  palled  through  a  portion  of  muriatic  acid  gas,  con- 
rtpcit  in  a  glafs  tube  over  mercury,  the  following  appearances  took  place.  The  bulk  of  the 
gas*  after  20  or  30  (hocks,  was  confiderably  diminiflied  ;  and  a  white  depofit  appeared  on 
the  inner  furfuce  of  the  tube,  which  conGderably  obfeured  its  tranfparency.  In  fome 
inftanccs,  both  the  contraction  and  depofit  were  much  more  remarkable  than  in  others. 
The  gas  which  iflued  from  muriate  of  foda,  foon  after  the  affufion  of  fulphuric  acid, 
and  while  the  charge  was  yet  warm,  exhibited  thefe  appearances  in  an  eminent  degree. 

*  The  jjttfci  Admitted  to  the  aft  ion  of  electricity,  in  the  following  experiments,  were  confined  in  ftraight 
glats  tithe*  cf  various  diameters,  armed  at  the  foaled  end  with  a  conductor  of  gold,  or  of  platina, 
but  grttnnlly  of  the  latter  metal*  The  (hocks  were  as  ftrong  as  could  be  given  without  breaking  the 
tub-it  which,  notwithstanding  every  precaution,  were  often  (nattered  by  the  force  of  the  exploiion.  Each 
'*c*ftirc  of  gat  is  equal  t*  the  bulk  occupied  by  a  grain  of  mercury. 

Of 


■  * 
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Of  this  gas,  307  meafures  were  reduced,  by  20  (hocks,  to  227,  or  were  contracted  nearly 
one-fourth.  Gas  from  the  fame  materials,,  after  they  had  continued  working  for  fome 
hours,  was  diminiflied,  by  fimilar  treatment,  only  about  a  twelfth.  Thefe  efte&s,  there- 
fore, it  feemed  probable,  depended  in  fome  meafure  on  the  prefence  of  moifture ;  and  I 
accordingly  found,  that  muriatic  acid  gas,  after  more  than  a  week's  ezpofure  to  muriate  of 
lime,  brought  into  contaft  with  it  immediately  after  cooling  from  a  ftate  of  fufion,  was 
fcarcely  diminiflied  at  all ;  and  that  the  depofit,  though  it  ftill  occurred,  was  lefs  copious  in 
quantity.  This  depofit  was  not,  like  corrofive  fublimatc,  foluble  in  water ;  but  had  every 
property  of  the  lefs  faturatcd  fait,  calomel. 

The  mercury  by  which  the  muriatic  acid  was  confined,  was  therefore  evidently  oxidated  ^ 
and,  to  the  combination  of  a  part  of  the  gas  with  the  oxide  thus  produced,  the  diminution 
of  bulk  was  doubtlefs  to  be  afcribed.  But  it  was  uncertain  from  whence  this  oxygen  was 
derivetk  -  It  might  either  refult  from  the  decompofition  of  the  acid  gas,  or  of  the  water 
chemically  combined  with  it.  The  following  experiments  were  therefore  made,  to  de- 
termine this  point- 

Experiment  1.  Through  1457  meafure9  of  muriatic  acid  gas,  300  eleftrical  (hocks  were 
paffed.  There  remained,  after  the  admiflion  of  water,  100  meafures  of  permanent  gas,  (or 
not  quite  7  from  each  hundred  of  the  original  gas,)  which,  on  trial,  appeared  to  be  purely 
hydrogenous. 

Exper.  2.  Of  the  gas,  dried  by  muriate  of  lime,  176  meafures  received  120  (hocks*. 
The  refidue  of  hydrogenous  gas  amounted  to  11  meafures,  or  rather  more  than 
6  per  cent, 

Thefe  experiments,  and  other  fimilar  ones,  made  on  comparative  portions  of  muriatic 
acid  gas,  in  its  recent  ftate,  and  after  expofure  to  muriate  of  lime,  convinced  me  that  it  wa» 
impoflible,  by  this  method,  wholly  to  deprive  the  muriatic  gas  of  water.  The  recent  gasr 
however,  when  ele£trified  in  fmaller  quantity  than  in  experiment  1,  gave  a  larger  propor- 
tion of  hydrogenous  gas-,  which  (hews,  that  fome  portion  of  its  moifture  was  removed* 
by  expofure  to  muriate  of  lime.  In  order,  if  pofEble,  to  procure  the  gas  perfectly  dry, 
another  mode  of  preparing  it  was  reforted  to.  Alum  and  common  fait  were  firft  well 
calcined,  feparately,  to  expel  their  water  of  cryftallization,  and,  being  then  mixed,  were- 
diftilled  together  in  an  earthern  retort.  The  gas  proceeding  from  thefe  materials,  was  re- 
ceived over  dry  mercury  5  but,  though  only  the  laft  portion  that  came  over  was  referved 
for  experiment,  it  ftill,  after  the  ufual  electrization,  afforded  a  produft  of  hydro- 
genous gas. 

In  the  courfe  of  the  preceding  experiments,  I  obferved  that  the  diminution  of  die 
muriatic  acid  gas  flopped  always  at  a  certain  point,  beyond  which  it  could  not  be  carried 
by  continuing  the  (hocks.  Gas  alfo,'  which  had  been  thus  treated,  when  transferred  to 
another  tube,  and  again  ele&rified,  did  not  exhibit  any  further  depofit.  It  became  in- 
tcrc  fling,  therefore,  to  know,,  whether  the  produ£tion  of  hydrogenous  gas  had  a  fimilar 
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limitation  ;  becaufe,  the  decifion  of  this  queftion  would  go  far  towards  ascertaining  its 
fourcc.  If  the  .evolved  hydrogenous  gas  arofe  from  the  decompofition  of  the  acid,  it  might 
be  expected  to  be  produced,  as  long  as  any  acid  remained  undccompofed.  But,  if  water 
were  the  origin  of  this  gas,  it  would  ceafe  to  be  evolved,  when  the  whole  of  the  water 
contained  in  the  gas  had  been  refolved  into  its  condiment  principles. 

Experiments  3  and  4.  Into  two  feparate  tubes,  I  patted  known  quantities  of  muriatic  acid 
gas.  Through  the  one  portion,  200  difcharges  were  taken  ;  amd  through  the  other,  400. 
On  comparing  the  quantities  of  hydrogenous  gas  produced,  it  proved  to  bear  exactly  the 
fame  proportion,  in  each  tube,  to  the  gas  originally  fubmitted  to  experiment.  Hence  it 
may  be  inferred,  that  the  hydrogenous  gas,  evolved  by  electrifying  the  muriatic  acid,  has 
its  origin,  not  from  the  acid,  but  from  the  water  which  is  intimately  attached  to  it.  The 
agency  of  the  electric  fluid  appears  alfo,  from  the  following  experiments,  to  be  exerted,  not 
only  in  difuniting  the  elements  of  water,  but  in  promoting  the  union  of  the  evolved 
oxygen  with  muriatic  acid, 

Exper.  5.  A  mixture  of  common  air  and  muriatic  acid  gas,  in  the  proportion  of  143  of 
the  former  to  116  of  the  latter,  was  rapidly  diminifhed  by  electrical  (hocks;  30  of  which 
reduced  the  whole  to  1 1 1  *.  The  remainder  confided  of  muriatic  acid  and  azote  gate?, 
with  a  fmall  proportion  of  oxygenous  gas.  The  depofit  formed  on  the  tube  was  of  the 
fame  kind  as  before,  but  much  more  abundant. 

Exper.  6.  The  fame  appearances  were  occafioned,  much  more  remarkably,  by  electrify- 
ing muriatic  acid  with  oxygenous  gas :  and  the  contraction  continued,  till  the  mercury 
rofe  fo  as  to  touch  the  extremity  of  the  platina  conductor.  At  each  explofioo,  a  denfe 
white  cloud  was  feen  in  the  tube,  which  foon  fettled  on  its  inner  furface,  and  was  of 
exactly  the  fame  chemical  compofition  as  the  one  already  defcribed.  Nitrous  gas  and 
muriatic  gas,  when  electrified  together,  underwent  a  (imilar  change. 

In  order  to  afcertain  whether  the  mercury  by  which  the  gafes  were  confined,  in  the 
above  experiments,  had  any  influence  on  their  refults,  they  were  repeated  in  an  indrument 
made,  purpofely  for  the  occafion,  by  Mr.  Cuthbertfon,  of  London.  It  confided  of  a  glafs 
tube,  ground  at  each  end,  with  the  view  of  receiving  two  (toppers,  each  perforated  with 
platina  wire,  which  projected  into  the  cavity  of  the  tube.  When  the  ftoppers  were  in 
their  places,  the  extremities  of  the  wires  were  at  the  didance  of  about  half  an  inch  ;  and, 
by  properly  difpofing  the  apparatus,  electrical  fhocks  might  be  pafied,  through  any  gas  or 
mixture  of  gafes,  with  the  contact  only  of  glafs  and  platina. 

Exper.  7.  In  this  tube  I  electrified  the  muriatic  acid  gas,  and  then  admitted  to  it  an 
infufion  of  litmus.  The  fudden  dedruction  of  its  colour  evinced  the  formation  of  oxy- 
genated muriatic  acid.    Not  the  fmalleft  depofit  appeared  on  the  tube. 

*  This  experiment  fuggefti  an  additional  reafon,  to  that  already  given,  for  the  greater  diminution  of 
the  hrfe,  than  of  the  fubfequent  portions  of  the  muriatic  acid  gas 5  for  the  former  may  be  presumed  to  have 
been  much  more  adulterated  than  the  latter,  with  the  atraofpherical  air  of  the  veuels, 

.Experiments 


Experiment*  to  decompofe  the  Muriatic  Acid.  ai« 

-Experiments  8  and  9.     The  fame  phenomenon  took  place,  when  an  infufion  of  litmus 
was  brought  into  contaCt  with  a  mixture  of  comrndn   air  and  muriatic  acid,  and   of 
oxygenous  gas  and  muriatic   acid,  after  electrization  fa   this  inftrument ;    oxygenated 
muriatic  acid  being  produced  in  both  cafes. 

The  above  faCls  prove,  that  the  combination  of  oxygen  with  muriatic  acid,  in  thefe 
experiments,  is  not  occafioned  by  a  pre-difpofing  affinity  in  the  mercury  to  combine  with 
oxygenated  muriatic  acid ;  but  that  the  cleCtric  fluid  ferves  actually  as  an  intermedium, 
in  combining  the  muriatic  acid  with  oxygen.  # 

From  the  relation  of  thefe  experiments  it  appears,  that  not  the  fmalleft  progrefs  had 
been  made  by  them,  towards  the  decompofition  of  the  muriatic  acid.  I  refolved,  there  . 
fore,  to  attempt  its  analyfis,  in  a  fimilar  manner,  with  the  aid  of  combuftible  gafes. 

SECTION    IL 

Effefts  of  electrifying  the  Muriatic  Acid  Gas  with  inflammable  Sab/lances. 

In  a  memoir  read  before  the  Royal  Society,'  and  inferted  in  their >TranfaCtions  for  1797, 
I  have  (hewn,  that  when  electrical  (hocks  are  patted  repeatedly  through  a  confined  portion 
of  carbonated  hydrogenous  gas,  trie  water  held  in  folution  by  the  gas,  is  decompofed  by 
the  carbon,  which  forms  a  conflituent  part  of  it ;  that  carbonic  acid  is  formed ;  and  an 
addition  made,  of  hydrogenous  gas.  Hence,  the  bulk  of  the  carbonated  hydrogen  gas  is  con- 
fiderably  enlarged  by  this  procefs }  which  (hews,  by  its  refults,  that  the  affinity  of  carbon 
for  oxygerj,  is  rendered  much  more  powerful  and  efficient  by  the  eleCtric  fluid.  I  have 
fince  found,  that  other  oxygenated  fubltances  are  decompofed,  by  ele&rifying  them  with 
carbonated  hydrogen  gas.  Nitrous  gas,  for  example,  is  fpeedily  deftroyed  by  this  procefs, 
and  carbonic  acid  and  azotic  gafes  are  obtained. 

Every  attempt  to  decompofe  the  muriatic  acid,  mud  be  founded  on  the  prpfumption  that 
it  is  an  oxygenated  fubftance  ;  and  thofe  bodies  promife  to  be  the  mod  fuccefsful  agents, 
that  potTefs  a  ftrong  affinity  for  oxygen.  Now,  of  all  known  bodies,  charcoal  mo0: 
ftrongly  attraCts  oxygen  •,  and  I  have,  therefore,  repeatedly  attempted  the  deftruCtion  of 
this  acid,  by  paffing  it  over  red-hot  charcoal.  But,  in  a  feries  of  experiments,  which  I 
made  fome  time  fince,  with  this  view,  in  conjunction,  with  Mr.  Rupp,  we  foon  found 
reafon  to  be  di Satisfied  with  the  difficulty  and  uncertainty  of  this  procefs.  An  immenfe 
production  of  hydrogenous  gas  took  place ;  but  it  was  not  eafy  to  determine  whether  it 
had  its  origin  from  real  acid,  or  from  water.  Our  experiments,  however,  though  in* 
fufficient  to  furnilh  decifive  proof,  induced  us  to  believe  that  it  had  the  latter  origin. 

It  next  occurred  to  me,  that  the  comparative  affinities  of  the  muriatic  radical,  whatever 
it  may  be,  and  of  charcoal,  for  oxygen,  would  be  elegantly  and  fatisfaftorily  afccrtairicd, ' 
by  electrifying  together  the  carbonated  hydrogen  and  muriatic  gafes.     If  the  muriatic  acid 
be  capable  of  decompofition  by  carbon,  it  mi^ht  be  expcCtcd  to  be  deftroyed  by  this 
procefs  ;  and  the  exaCt  quantity  of  acid  decompofed,  and  the  nature  arid  quantity  of  the 
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products,  would  thus  be  eafily  determined.  I  elearificd,  therefore,  the  muriatic  add  and' 
carbonated  hydrogen  gafes,  with  the  mod  fcrupulous  attention  to  the  phxnomena  and 
refults.  That  the  deAric  fluid  might  not  be  mifapplied,  in  decompofing  the  water  of  the 
carbonated  hydrogen  gas,  it  was  kept  more  than  a  week,  before  ufe,  over  quick  lime, 
introduced  to  it  while  yet  hot. 

Exper.  10.  Of  this  carbonated  hydrogenous  gas,  1 86  mcafures  were  expanded,  by  130 
(hocks,  to  21 1  ;  that  is  the  gas  was  incrcafed  about  -J-  its  bulk. 

Exper.  11/ Of  the  fame  gas,  84  meafures  were  mixed  with  116  of  muriatic  acid  gas, 
dried  by  muriate  of  lime.  By  120  (hocks,  the  mixture  was  a  little  dilated.  After  the  ad- 
iniffion  of  a  drop  or  two  of  water,  there  remained  91  meafures;  i.e.  the  addition  of 
permanent  gas  was  7  meafures,  or  about  as  much  as  might  have  been  expe&ed  from  the 

muriatic  gas  alone. 

Exper.  12.  Eighty-three  meafures  of  dry  carbonated  hydrogenous  gas,  with  89  of 
muriatic  acid  gas,  received  200  (hocks.  The  permanent  refidue,  after  the  admiffion  of 
water,  was  101  meafures:  the  addition,  therefore,  amounted  to  18.  Of  the  added  i8r 
6  may  be  accounted  for  by  the  decompofition  of  the  water  of  the  muriatic  gas,  and  10  by 
that  of  the  carbonated  hydrogenous  gas.  There  remain,  therefore,  only  2  meafures  that 
can  be  fuppofed  to  be  produced  fronj  the  muriatic  acid  gas ;  a  quantity  too  fmall  to  afford 
grounds  for  fuppofing  them  to  arife  from  decompofed  acid. 
s'  Exper*  13.  Dry  carbonated  hydrogenous  gas  132  mcafures, 

mixed  with  dry  muriatic  gas         108 

240 
by  200  (hocks,  expanded  to  268 

Part  of  this  gas  was  then  transferred  to  another  tube,  and  the  proportion  of  permanent 
gas  ascertained.  Through  the  remainder,  150  additional  (hocks  were  pafled,  before  the 
amount  of  the  gas  thus  evolved  was  determined.  In  both,  it  bore  exa&ly  the  fame  pro- 
portion to  the  original  gas }  which  (hews,  that  by  continuing  the  electrization,  no  further 
cffe£ls  were  produced. 

(To  be  continued* J 
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Eudiomctric  Obfcrvations.    By  Citizen  Bebtbollet*. 

JTjLS  the  air  we  breath  is  known  to  be  compofed  of  oxigen  and  azote  gas,  the  propor- 
tions of  thefe  two  gafes,  and  the  changes  that  may  take  place  in  the  atmofphere,  have  been 
conftant  obje&s  of  enquiry*  But  the  bed  method  of  acquiring  that  knowledge,  or  the 
refult  on  which  the  greateft  reliance  may  be  placed,  is  not  yet  determined. 

•  Fxtraftcd  from  the  Memoirs  on  Egypt,  and  inferted  in  the  Annates  de  Chimie,  torn.  XXXIV.  p.  73- 
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The  property  of  nitrous  gas  to  abforb  oxigen  gas  was  firft  made  ufe  of ;  but  it  was 
then  thought  fufficient  to  compare  the  diminutions  produced  in  the  air  with  which  the 
experiment  was  made,  and  the  purity  of  any  air  was  confidered  to  be  proportioned  to 
the  diminution  it  fuffered. 

Inquiries  were  afterwards  direfted  to  afcertain  the  real  quantity  of  oxigen  gas  that 
combined  with  the  nitrous  gas  ;  in  order  to  determine  by  the  abforption  which  took  place 
in  the  two  gafes  when  mixed  together,  the  relative  proportions  of  oxigen  and  azote  gas 
contained  in  the  air  of  the  atmofphere. 

But  the  nitrous  gas  does  not  always  afford  conftant  refults,  unlefs  by  carefully  obferving 
the  fame  manipulations.  Ingenhoufz  has  long  fi nee  (hewn  when  the  proportion  of  the 
oxigen  gas  is  to  be  determined,  there  is  no  edablifhed  law  by  which  the  diminution  at- 
tributed to  the  oxigen  gas  can  be  meafured,  or  that  of  the  nitrous  gas  which  becomes 
concentrated  with  it. 

I  am  informed  by  an  extraft  from  the  bulletin  of  the  Philomathic  Society,  that 
M.  Humboldt  has  endeavoured,  by  fome  very  ingenious  experiments,  to  obviate  the  un- 
certainty which  prevails  with  regard  to  the  differences  found  in  the  nitrous  gas ;  and  that 
he  propofes,  as  a  drift  method  of  determining  by  this  gas  the  exaft  proportion  of  the 
oxigen  gas,  feveral  cor  re  ft  ions  of  the  quantities  ;  but  I  Qiall  prove  by  experiments,  upon 
which  I  am  dill  employed  with  Citizen  Champy  the  younger,  that  this  method  is  founded 
on  fuppofitions  which  are  inadmiffiblc  *. 

The  proof  by  hydrogen  gas,  for  which  we  are  indebted  to  Volta,  has  much  precision, 
efpecially  when  it  is  made  upon  oxigen  gas ;  but  it  requires  a  complicated  apparatus, 
and  the  hydrogen  gas  may  differ  according  to  the  quantity  of  carbon  it  holds  in  folution, 
which  may  caufe  the  refult  to  vary  confiderably.  Neverthelefs,  this  method  may  be  Con- 
fidered as  fufficiently  exaft  when  the  different  airs  are  merely  to  be  compared,  and 
the  fame  hydrogen  gas  is  ufed  to  make  this  comparison.  But  the  fame  accuracy  cannot  bo 
had  when  the  abfolute  quantity  of  oxigen  is  to  be  determined.  The  proportions  by 
weight,  of  the  oxigen  and  hydrogen  that  enter  into  the  composition  of  water,  are  known 
with  enough  precifion ;  but  the  relative  fpecific  gravities  of  the  two  gafes  are  not  well 
enough  determined ;  and  they  alter  too  much,  according  to  the  difference  of  the  hydrogen 
gas,  to  admit  of  judging  exaftly  of  the  diminution  which  takes  place  by  the  combuftion 
which  fhould  be  attributed  to  the  oxigen  and  to  the  hydrogen  gas,  and  determine  by  that 
means  the  quantity  of  oxigen  gas  that  is  contained  in  the  air  with  which  the  ex- 
periment is  made. 

*  The  liquid  fulphuret  of  alkali  offers  a  double  advantage  in  giving  at  the  fame  time 
the  comparative  ftate  of  the  different  airs  which  are  examined,  and  the  proportion  of  the 
oxigen  gas  they  contains.    For  all  the  diminution  mud  here  be  attributed  to  the  oxigen, 

*  Thtfc  experiments  were  not  finished  when  I  left  Cairo,  and  I  did  not  bring  the  notes  of  feveral  rcfiitaf 
for  which  reafoA  I  have  been  obliged  to  repeat  them,  and  (hall  foon  communicate  thtm  to  the  world.— B. 
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which  is  divided  between  the  oxigen  and  nitrous,  or  the  hydrogen  gas  in  the  preceding  ex- 
periments. There  is  no  neceflity  for  any  other  corrections  than  thofe  which  the  difference 
of  temperature  and  the  preffucc  of  the  atmofphere  require  between  the  inftant  that  the 
experiment  is  began,  and  that  when  the  diminution  of  the  air  is  meafured. 

It  cannot  be  fuppofed  that  the  abforption  of  the  oxigen  would  be  incomplete  when 
water  fufficiendy  charged  with  fulphuret  of  alkali  is  ufed ;  for  there  is  a  great  difference 
between  the  power  which  fulphuret  exerts  on  the  oxigen  gas,  and  the  weak  a&ion  the 
azote  in  the  gafeous  (late  may  employ  on  the  oxigen.  And  if  any  diminution  be  found 
in  the  azote  which  is  entirely  feparated  by  this  means,  by  afterwards  mixing  it  with 
nitrous  gas,  I  (hall  (hew  that  this  diminution  ought  not  to  be  attributed  to  the  oxigen. 

It  mud  be  admitted,  that  it  cannot  be  faid  that  the  real  volume  of  the  azote  gas  is  that 
which  was  obtained ;  becaufe  azote  may  hold  fulphuret  in  folution,  or  very  probably  the 
fuTphurated  hydrogen  which  always  exifts  in  liquid  fulphuret ;  and  it  certainly  has  the 
fmell,  though  this  fmell  difappears  on  warning  it  in  a  little  water  without  any  fcnfible 
diminution  of  volume,  fo  that  the  difference  of  volume  which  takes  place  in  this  folution 
mud  be  extremely  ftnall. 

There  can  be  no  apprehenfion  that  the  azote  (hould  be  abforbed  by  the  fulphuret,  for 
if  this  abforption  took  place  it  would  continue.  But  the  quantity  of  azote  remains  con- 
ftantly  the  fame  after  the  oxigen  is  abforbed. 

It  is  therefore,  poffible  to  determine  the  proportion  of  oxigen  which  is  found  in  any 
quantity  of  air,  by  means  of  the  liquid  fulphuret,.  with  all  the  precifion  that  can  reafonably 
be  expected  in  chcmiflry.  4 

.  The  inconvenience  of  this  method  b,  that  the  fulphuret  a£ts  fiowly,  and  requires  longer 
time,  and  particularly  a  low  temperature ;  be  fides  it  gives  no  certain  indication  when  die 
abforption  is  compleated,  except  the  ceffation  of  this  diminution,  which  requires  dill 
more  time  to  be  afcertained. 

Guyton  has  propofed  to  ufe  the  dry  fulphuret,  by  applying  the  heat  of  a  candle  to  an 
apparatus  he  has  defcribed. .  I  have  not  tried  this  method,  but  it  appears  to  me,  that  fo 
fmall  a  portion  of  matter  may  not  come  into  good  contact  with  fo  large  a  volume  of  air, 
by  which  means  the  abforption  of  all  the  oxigen  may  be  rendered  uncertain.  The  ex* 
periment  does  not  prefent  any  indication  that  proves  its  certainty. 

I  have  recommended  the  (low  combuftion  of  phofphorus.  I  firft  place  a  cylinder  of 
phofphorus  fixed  on  a  (lick  of  glafs  in  an  upright  veffel,  in  which  the  air  fubje&ed  to 
expeiiment  is  contained  under  water.  If  the  temperature  of  the  room  be  high,  the  veffel 
is  immerfed  in  water,  in  order  that  Jthe  phofphorus  may  not  melt.  For  the  evaporation  of 
the  furface  of  the  water  keeps  it  at  a  temperature  fome  degrees  below  that  of  the  at- 
mofphere. Thus,  during  the  experiments  that  I  made  here,  the  thermometer  remained  at 
about  360  degrees  of  the  thermometer  centigrade,  and  the  bath  in  which  the  experiments 
were  made  was  at  fix  degrees  below  this  temperature.  Immediately  after  the  phofphorus 
if  introduced  into  thetjair,  a  cloud  is  formed,  which  defcends  and  mixes  with  the  water. 
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When  the  operation  is  finifhed,  this  cloud  is  not  longer  to  be  perceived.  It  is  luminous  in 
the  darky  and  as  foon  as  it  has  difappearcd,.  the  abforption  no  longer  proceeds  even  during 
the  fpace  of  feveral  days.  So  that  by  this  means  a  certain  indication  of  the  concluCon 
of  the  experiment  is  obtained ;  and  if  it  be  made  in  a  narrow  tube,  it  requires  no  more 
than  two  hours  at  the  temperature  I  have  mentioned  *. 

The  air  with  which  the  experiment  was  made,  is  meafured  in  a  graduated  tube,  and  when 
the  operation  is  concluded,  the  remaining  gas  is  meafured  in  the  fame  tube  with  the  ufual 
precautions  that  the  changes  of  temperature  and  preiTure  of  the  atmofphere  require. 

The  diminution  obtained  by  phofphorus  is  found  to  be  conGderably  lefs  than  that  ob- 
tained by  the  fulphuret ;  but  the  proportions  are  always  the  fame,  becaufe  the  phofphorus 
being  diflblved  in  azote,  as  I  have  proved,  takes  the  gafeous  form,  as  do  all  fubftances 
which  are  diflblved  in  a  gas.  The  volume  of  azote  is  thus  augmented,  and  feveral 
experiments  have  (hewn  that  this  increafe  is  about  a  fortieth  part. 

The  difference  that  appears  in  the*  diminution  between  the  phofphorus  and  the  ful- 
phuret cannot  be  caufed  by  the  one  feparating  the  oxigen  lefs  exactly  than  the  other  ;  for 
the  phofphorus  ads  fo  ftrongly  on  oxigen  when  it  is  diflblved  in  azote,  that  it  is  fufficient 
to  pafs  the  phofphorated  azote  through  water  to  render  it  luminous,  and  make  it  burn 
with  the  oxigen  it  meets. 

It  appears  to  me  that  fulphuratcd  hydrogen,  which  is  foluble  in  the  azote,  is  capable  of 
precipitating  mod  of  the  phofphorus.  For  if  the  phofphorated  azote  be  placed  over  the 
fulphuret  of  alkali,  its  bulk  is  diminifhed ;  but  the  total  diminution  is  not  fo  great  as  if  the 
air  had  been  firft  placed  on  the  fulphuret.  The  phofphorated  azote,  which  has  been  thus 
diminifhed  by  fulphuret,  is  no  longer  capable  of  being  rendered  luminous  by  coming  in 
contadt  with  oxigen  gas. 

If  phofphorus  be  introduced  into  the  azote  which  is  in  conta&  with  the  fulphuret,  it 
produces  no  fenfible  efFeft  \  but  if  the  azote  be  wafhed  by  being  pafled  through  clear 
water,  it  will  be  fufficient  to  render  the  water  immediately  luminous,  fo  that  the  water 
retains  the  greateft  part  of  the  fulphurated  hydrogen,  and  gives  a  very  fmall  quantity  of 
oxigen  to  the  azote  gas,  which  by  this  operation  is  made  capable  of  diflblving  phofphorus, 
and  of  a£ting  on  the  fm ailed  quantity  of  oxigen  gas. 

I  have  obferved,  that  the  azote  which  has  been  expofed  with  the  fulphuret,  does  not 
apparently  lofe  or  acquire  any  thing  in  its  bulk,  when  it  has  been  pafled  through  the  water, 
and  the  combuftion  that  takes  place  when  phofphorus  is  introduced  is  fo  fmall,  that  it  can 
fcarcely  be  appreciated. 

I,  therefore,  conclude,  from  all  the  preceding  fa£ts,  that  the  method  with  phofphorus 
is  at  the  fame  time  the  mod  convenient  and  the  molt  accurate,  and  that  the  time  is  not 

•  Thcfc  experiments  were  repeated  at  a  temperature  from  fix  to  ten  degrees  of  the  thermometer  centi- 
grade, and  it  only  required  fix  or  eight  hours  for  the  operation  to  be  concluded.  M.  Humboldt  mentions 
experiments  which  has  lafted  feveral  days,  after  which  the  gas  (till  reddened  withr  the  nitrous  gas.  He 
muft  have  tried  very  different  methods  to  have  produced  fo  great  a  difference  in  the  refults. 
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inconvenient ;  .that  it  gives  the  mod  pofitive  refults  with  regard  to  comparing  the  airs,  and 
requires  only  one  correction  of  a  fortieth  part  of  the  volume  of  the  remaining  gas,  when 
the  proportion  of  the  oxigen  gas  is  to  be  determined  with  the  fame  accuracy  as  may  be 
obtained  by  the  fulphuret,  which  appears  to  me  to  be  the  molt  exaft  approximation  that 
can  be  procured  by  any  means  known  *. 

Several  experiments  made  by  Citizen  Champy  and  myfclf  in  the  laboratory  of  the 
Inftitute  of  Egypt,  with  the  fulphuret  of  alkali  and  phofphorus,  in  which  we  applied  the 
corrections  fuited  to  the  changes  of  temperature,  as  well  as  for  the  expanfion  of  the  azote 
by  the  phofphorus,  have  proved,  that  the  proportion  of  oxigen  gas  in  atmofpheric  air  in  that 
country  was  at  lead  twenty  two  parts  out  of  an  hundred.  We  have  hot  found  in  a  great 
number  of  experiments  any  difference  exceeding  one  hundredth  part;  and  it  is  more 
natural  to  attribute  this  frnall  variation  to  the  inevitable  imperfeftions  attendant  on  all 
chemical  procefies,  than  to  any  real  change  in  the  ftate  of  the  atmofphere. 

Multiplied  experiments  I  have  made  at  Paris  by  the  fame  methods,  appear  to  me  to 
prove,  that  the  proportion  of  oxigen  is  there  very  nearly  the  fame  as  in  Egypt.  I  muft, 
however,  remark,  that  I  have  not  fo  accurate  a  recol  left  ion  of  the  refults,  as  to  affirm  a 
perfe&  equality.  It  is,  therefore,  ncceflary  to  repeat  thefe  experiments  at  Paris,  in  order 
to  eftablifh  the  comparifon  beyond  all  doubt  f. 

Several  celebrated  chemifts  and  natural  philofophers  give  the  oxigen  gas  a  confiderably 
higher  proportion  than  that  which  I  have  determined ;  they  pretend  that  they  have  found 
confiderable  variations  in  the  air  of  different  places  and  at  different  times.  Humboldt  has 
recently  made  the  proportions  of  oxigen  gas  to  vary  from  twenty-three  to  twenty-nine 
centimes.     But  I  have  not  perceived  thefe  variations  at  the  diftance  of  Cairo  from  Paris, 

•  Mr.  Humboldt  pretends,  that  he  has  formed  a  ternary  combination  of  phofphurus  azote  and  oxigen 
(Ann.  de  Chim.  30  Thermidor,  An.  6.)  His  opinion  is  founded  on  fonie  experiments,  in  which  he  has 
obferved  that  the  phofphorus  produces  unequal  diminutions  in  the  atmofpheric  air,  expofed  to  its  a 61  ion  in 
tubes  of  equal  fize,  and  under  the  fame  circumflances.  The  difference  between  the  two  tubes  was  from  115 
to  156.  It  is  on  this  alone  that  he  eftablimes  the  exigence  of  oxided  phofphurct  of  azote.  I  have  feen  no 
appearance  of  this  difference  in  the  numerous  experiments  I  have  made  at  Paris  and  at  Cairo  at  two  different 
periods. 

i*  The  experiments  made  at  Paris  gave  about  one  two-hundreth  part  more  of  refidue.  They  coincide 
perfectly  with  thofe  which  I  had  formerly  made.  It  appears  to  me  likely  that  this  fmall  difference  arifes 
from  the  air  at  Cairo  being  very  dry.  At  the  time  when  I  operated,  the  air,  probably,  became  faturated 
with  water,  and  acquired  by  that  means  a  flight  dilation  rather  than  a  difference  between  the  conftituent 
parts  of  the  two  atmofpheres.  But  the  refults  prove  that  the  proportion  of  oxigen  gas  might  be  determined 
at  a  little  above  twenty-two  parts  out  of  an  hundred. 

Experience  will  eafily  decidt  between  the  opinion  of  Mr.  Humboldt  and  mine.  It  is  only  required  to 
examine,  whether  it  be  true  that  phofphorus  and  the  liquid  fulphuret  produce  a  uniform  and  conftaut 
refult,  as  I  affirm.  I  do  not  fpeak  of  the  vivid  combuftion  of  phofphorus,  with  regard  to  which  there  are 
other  confiderations  to  be  made.  When  the  experiment  of  the  flow  action  of  the  phofphorus  is  made,  the 
cylinder  of  phofphorus  ought  to  occupy  a  large  part  of  the  height  of  the  tube  in  which  the  experiment 
ii  made,  in  order  that  all  the  atmofpheric  air  may  be  fubje&ed  to  its  action. 
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at  very  remote  periods,  and  in  very  different  climates.  .  This  difference  may  be  attributed 
to  the  nitrous  gas,  which  is  ufually  made  ufe  of.  It  is  allowed,,  that  experiments  of  this 
kind  cannot  be  compared,  if  any  alteration  happens  in  the  water  made  ufe  of  j  or  in  the 
nitrous  gas ;  or  in  the  dimenfions  of  the  tube ;  or  in  the  manipulations.  Correftions 
founded  on  fuppofitions,  very  far  from  being  juftified  by  experiment,  are  very  feduloufly 
applied,  and  regular  methods  are  reje&ed,  to  which  no  exception  has  ever  been  made  but 
what  has  been  overthrown  by  a£lual  observation.  Perhaps  they  are  found  too  fimple  in 
Europe. 

And,  indeed,  how  can  it  be  imagined  that  the  atmofphere,  which  is  continually 
agitated  by  motions  that  fuddenly  remove  its  parts,  and  which  renew  and  alter  its  fitua- 
tions,  can  vary  confiderably  between  one  village  and  another.  There  is,  however,  an 
exception  to  be  made  for  thofe  places  which  are  elevated  above  the  level  of  the  fea.  The 
difference  of  fpeeific  gravity  between  oxigen  and  azote  gas,  which  in  the  elaftic  ftate  . 
exert  a  very  weak  mutual  a&ion,  explain  that  difference  which  has.  been  found  iu  their 
proportions. 


VI. 

Analyfis  of  a  new  Variety  of  Lead  Ore.    By  Richard  Cheuevix,  £s%.    Communicated 

by  the  Author. 

JL  HE  mutual  elucidation  which  kindred  fciences  receive  from  each  other,  molt  ever 
increafe  as  the  means  of  invedigation  become  more  accurate  and  extenfive,  and  in  no 
inftance  can  this  mutual  connexion  and  improvement  be  more  ftrikingly  difplayed,  than 
when  the  influence  of  newly  difcovered  fa&s  extends  itfelf  through  the  whole  dominion  of 
natural  knowledge. 

When  Sir  Ifaac  Newton,  by  comparing  the  refra&ing  power  of  water  with  that  of  other 
bodies,  made  the  bold  inference  that  it  confided  partly  of  inflammable  matter,  and  that 
the  diamond  poffefTing  that  power  in  a  dill  higher  degree,  mud  be  ranked  among  com- 
budible  fubdances,  it  was  little  fufpefted  that  chemidry  would  prove  this  not  to  be  the 
vague  doubt  of  an  imagination  mifled  by  a  favourite  hypothefis,  but  the  firm  afiertion  of 
genius  guided  by  drong  analogical  convi£lion.  The  progrcfs  made  fince  that  period  affords 
numerous  examples  of  fuch  happy  coincidences >  and  it  cannot  fail  to  be  highly  fatisfa&ory, 
when  two  fciences,  tending  to  the  fame  point  by  different  means,  concur  in  affording 
fimilar  refults.  The  Abbe  Hauy,  on  comparifon  of  the  crydalline  form  of  the  emerald 
and  the  beril,  after  Monf.  Vauquelin  had  jud  difcovered  his  new  earth  in  the  latter,  did 
not  hefitate  to  pronounce  his  drong  fufpicion  of  its  being  a  condituent  part  of  both  $  and 
analyfis  proved  the  validity  of  his  opinion.  I  am  happy  that  I  have  it  in  my  power  to 
f urnifh  another  example  of  the  accuracy  of  thofe  principles,  to  which  he  has  fo  particularly 
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devoted  his  attention ;  and  to  call  in  the  aid  of  chemiftry  to  (hew  with  what  certitude  the 
penetrating  eye  of  the  able  cryftallographer  can,  from  external  ftru£turc,  arrive  at  an 
intimate  knowledge  of  pure  mineralogical  fub  fiances. 

In  the  valuable  collection  of  the  Right  Honourable  Charles  Greville,  there  are  many 
different  varieties  of  carbonated  lead,  acknowledged  and  clafled  as  fuch  from  their  external 
charafters :  one,  however,  which,  as  far  as  I  can  learn,  does  not  ex  id  elfewhere,  excited 
fome  doubt  in  the  mind  of  Monf.  le  Comte  de  Bournon,  from  its  afluming  a  peculiar 
modification  of  form,  not  hitherto  remarked.  He  offered  it  to  me  for  chemical  examina- 
tion ;  obferving  at  the  fame  time,  that  though  thoroughly  convinced  it  was  carbonated 
lead,  he  was  equally  fure  it  mud  be  in  fome  particular  (late  of  combination,  either  in 
the  proportion  of  its  known  principles,  or  by  containing  fome  fubftance  not  found  in  the 
other  varieties.  I  undertook  the  analyfis,  and  to  render  the  approximation  more  ft r iking, 
he  has  favoured  me  with  the  following  accurate  mineralogical  description. 

Mineralogical  Characters,    in    which  it  chiefly    differs  from  fitnple   Carbonated  Lead,    try 

Monf.  le  Comte  de  Bournon. 

This  variety  of  lead  ore  differs  from  (imple  carbonated  lead. 

1.  It  is  much  fofter  than  carbonated  lead,  making  no  impreflion  whatever  on  it,  and 
being  eafily  fcratched  and  worn  by  rubbing  againft  it. 

2.  Its  fpecific  gravity  is  much  lefs,  being  60.651.  Many  experiments  on  pure  cryftals 
of  carbonated  lead  give  a  fpectfic  gravity  of  72.357.  Many  authors  fix  it  at  44,63,  but 
they  have  undoubtedly  taken  the  heavy  fpar  for  it. 

3.  Its  frafture  is  glafTy,  and  much  like  that  of  the  precious  (tones. 

4.  Its  form  is  different  in  many  refpe&s.  Like  mo  ft  other  natural  oxides  of  lead,  its 
lamellae  appear  to  be  reQangular  ;  but  their  union,  which  very  feldom  forms  a  perfedl  cube 
in  the  carbonated  lead,  produces  that  form  more  frequently  in  this  ore.  The  various  laws 
of  decreafe,  which  thefe  lamellae  undergo,  in  order  to  produce  that  cube  (which  is  very 
frequently  lengthened,  or  flattened)  as  well  as  the  different  cryftaliine  modifications,  are 
alfo  very  different. 

Sometimes  the  decreafe  is  at  the  angles,  fo  as  to  replace  thofe  of  the  cube  or  paral- 
lelipipedon  by  planes  of  greater  or  lefs  extent,  and  perpendicular  to  the  axis  of  the  cube. 
Sometimes,  if  we  confider  the  cube  or  parallelipipedon  as  a  prifm,  we  (hall  find  that 
the  longitudinal  edges  of  the  prifm  are  replaced  by  planes  perpendicular  to  thofe  edges. 

Very  frequently,  the  cryftal  being  ftill  confidered  as  a  prifm,  the  edges  of  the  terminat- 
ing faces  are  replaced  by  planes  inclined  to  the  faces  of  the  prifm,  fo  as  to  form  an  angle 
of  148%  and  another  angle  of  1220,  with  the  terminating  faces.  The  cryftal! ization 
-  under  that  form  has  fometimes  been  of  fufficient  duration,  to  allow  at  the  two  extremities  * 
of  the  cryftal  a  tetraedal  pyramid,  feldom  complete,  but  which  fometimes  preferves  no 
marks  of  terminating  faces,  but  a  fmall  plane  replacing  the  fummit  of  the  pyramid  j  when 
complete,  the  oppofite  faces  join  at  the  fummit  in  an  angle  of  640. 

At 
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At  other  times,  the  cryftal  having  undergone  the  preceding  modification,  fo  as  to  leave 
a  great  part  of  the  cubical  faces,  is  fubjeft  to  another,  which  replaces  each  of  the  longi- 
tudinal prifmatic  edges  by  two  planes,  inclined  upon  the  prifmatic  faces,  with  which  they 
form  an  angle  of  1610  30',  then  a  tetraedral  pyramid,  more  or  lefs  truncated  at  the  fum- 
mir,  feems  placed  on  each  of  the  longitudinal  faces  (the  cryftals  ftill  confidered  as  prifmatic) 
the  faces  of  which,  taken  two  by  two,  are  differently  inclined  ;  two  of  them  tend  to  meet 
at  the  fummit  in  an  angle  of  143°!  the  two  others  in  an  angle  of  11 6°.  Such  are  the 
different  modifications  of  this  ore,  to  which  there  is  nothing  fimilar  among  the  fimplc 
carbonated  leads* 

All  thefe  varieties  are  extremely  beautiful  and  perfe£fc  in  their  cryftallization  ;  they  arc 
generally  of  a  light  draw  colour,  though  fometimes  of  a  perfeftly  colourlefs  and  clear 
tranfparent  white,  with  a  Iirftre  far  more  brilliant  than  the  fimple  carbonated  leads. 

Its  topographical  hiftory  I  (hall  tranfcribe  in  the  words  of  Mr.  Greville.  "  About 
u  fourteen  or  fifteen  years  ago,  I  purchafed  a  piece  of  this  mineral  at  Matlock,  in  Derby- 
41  (hire ;  the  fhopkeeper  not  knowing  from  what  mine  it  came,  or  unwilling  to  inform  me, 
"  I  left  a  commiflion  for  him  to  fend  me  all  he  could  procure,  and  repeated  my  order  for 
"  feveral  years  fuccefiively :  I  traced  fome  fpecimens,  which  had  been  fold,  and  recovered 
<f  them.  The  largeft  cryftal,  Dr.  Darwin,  of  Derby,  gave  up  to  me.  I  fuppofed,  frour 
cc  my  enquiries,  that  it  came  from  the  diftrift  of  mines  intended  to  be  unwatered  by  the 
u  Cromford  level,  as  I  was  aflured  of  my  having  no  chance  of  any  more  till  that  level  was- 
((  compleated ;  and  Gnce  that  period  the  water  has  continued  in  a  degree,  that  many 
u  mines  which  were  then  open,  are  now  drowned." 

The  cryftals  are  upon  a  large  facetted  galena,  and  commonly  from  half  an  inch  to  an 
inch  irtlcngth.  The  largeft  mentioned  in  Mr.  Greville'*  note,  is  an  inch  and  a  half  long, 
an  inch  broad,  and  half  an  inch  thick,  of  the  fined  tranfparent  yellow.  This  ore, 
however,  does  not  appear  to  be  an  exclufive  prod u& ion  of  this  country ;  for  there  are 
two  fpecimens  in  Mr.  Greville's  collection,  which  are  in  much  fmaller  and  peife£tly  white 
cryftals,  which  feem  peife&ly  the  fame ;  but  they  are  not  of  this  country,  and,  as  I  believe, 
come  from  the  Hartz  ;  no  doubt  it  will  be  found  elfewhere,  when  the  attention  of  natu— 
talifts  (hall  have  been  more  particularly  direded  to  that  obje&. 

ANALYSIS. 

One  hundred  parts*  chofen  from  a  cryftal  perfectly  tranfparent,  regular,  and  pure,  were  • 
reduced  to  powder  *,  during  this  operation  they  frequently  caked,  and  offered  an  elaftic 
refiftance,  not  unlike  muriate  of  ammonia  in  the  fame  circumftances  ;  they  were  thrown 
into  a  known  weight  of  nitrous  acid  >  a  fudden  effervefcence  took  place,  and  the  diminu- 
tion was  =:  00,6,  and  the  elaftic  fluid  was  afterwards  proved  to  be  carbonic  acid.  As  foon 
as  the  effervefcence  had  fubfided,  there  remained  at  bottom  a  white  powder,  infolublc 
without  the  affiftance  of  heat ;  but  after  a  flight  ebullition,  this  refiduum  was  reduced  to 
00,1,  which  was  fulphate  of  barytes,  and  quite  foreign  to  the  intimate  nature  of  the 
ore    Into  the  diflblution  was  poured  cauftic  ammonia,  in  preference  to  a  fixed  alkali, 

4,  becaufe. 
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because  the  oxide  of  lead  is  folubk  in  this  laft-  A  precipitate  fell  down,  and  the  remain- 
ing liquor,  filtered  and  neutralized,  was  fubmitted  to  the  following  teds  : 

Nitrate  of  lime  afforded  no  precipitate :  the  prefence,  therefore,  of  die  phofphoric* 
arfenic,  or  molybdic  acids,  was  entirely  precluded. 

Nitrate  of  barytes  afforded  no  precipitate,  therefore  no  fulphuric  acid  was  prefent. 

Nitrate  of  lead,  a  flight   precipitate,  but   quickly  foluble  by  the  addition  of  water. 

Thefe  appearances  convinced  me  that  none  of  thofe  acids,  hitherto  found  to  mineralize 

lead  ores  were  to  be  expedted  in  the  fpecimen  now  to  be  examined  ;  and  the  properties  of 

the  precipitate  caufed  by  nitrate  of  lead,  agreeing  nearly  with  thofe  of  muriate  of  lead, 

I  dropped  in  fome  nitrate  of  filver  :  a  very  thick  and  abundant  precipitate  took  place,  which 

had  all  the  chara&eriftics  *,  not  to  be  mi  dak en,  of  muriate  of  filver.     It  weighed  42, 

which,  according  to  Bergman,  contain  7  of  muriatic  acid ;  but  according  to  Klaprotb,  in 

his  analyfis  of  the  molybdate  of  lead,  7  of  muriatic  acid  faturate  about  45  of  oxide  of  lead ; 

and  again,  according  to  Bergman,  6  of  carbonic  acid  faturate  34  of  oxide  of  lead,  which 

would  have  left  a  deficit  of  8.     The  experiment  was,  therefore,  repeated;  and  being  aware 

that  ammonia  could  no  more  decompofe  the  whole  of  the  muriate  of  lead,  than  could  any 

other  alkali,  the  nitrate  of  filver  was  dropped  immediately  into  the  nitric  diflblution  of  the 

ore ;  and  upon  repeating  this  eflay  twice,  48  of  muriate  of  filver  were  obtained  each 

time,  containing  8  of  muriatic  acid 5  which  in  combination  form  59  of  muriate  of  lead ; 

the  lead  afterwards  fubmitted  to  various  proofs,  was  found  to  be  perfc&ly  pure,  and  the 

proportions  may  be  eftablifhed  as  follows  : 

Oxide  of  lead         -         -         -         ei   J  M    .         r ,     • 

Muriatic  acid         -         -         -  8  J  MumtC  of  lcad  "  -         59 

Oxide  of  lead         -         -         -         u  ?   n    ,  nj 

Carbonic  acid        -        -        -  6  J   Carbonatc  of  lead  -  4° 

99  99 

With  about  one  of  heavy  fpar,  as  before  mentioned. 

It  does  not,  however,  appear  probable,  that  thefe  two  falts  of  lcad  exift  feparately  in  the 
ore  •,  its  perfeft  cryftallization  and  tranfparency  fufficiently  indicate  it  to  be  in  the  ftatc  of 
a  triple  fait,  or  carbonated  muriate  of  lead,  combined  on  the  above  proportions,  and 
in  the  following  order  : 

Muriatic    p  8 

and         \  acids  "  Oxide  of  lcad     85 

Carbonic  3  6 

14  99 

The  very  great  fcarcity  of  this  ore  prevented  me  from  fubmitting  it  to  more  experiments ; 
however,  upon  expofing  a  certain  quantity  of  it  to  a  red  heat,  a  thick  vapour  arofe, 

•  I  need  mention  no  other  than  this  j  muriate  is  tlie  only  fait  of  filver  which  is  not  foluble  in  almoft 
every  acid,  and  is  inconteftibly  the  moft  delicate  and  abfolute  re-agent  in  chemiftryj  as  well  to  demon- 
.ftrate  the  prefence,  as  to  determine  the  quantity  either  of  filver  or  muriatic  acid, 

which 
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which  inanifefted  no  fmell  of  any  kind,  and  could  not,  therefore,  be  fufpe&ed  to  contain 
cither  arfenic  or  antimony :  I  fuppofe  it  to  be  muriate  of  lead,  as  notwithftanding  its  great 
f ufibility,  arid  its  fuppofed  fixity,  it  is,  in  fa&,  in  fome  degree  volatile,  as  I  have  re- 
ipeatedly  obfenred  on  other  occafions. 

No  more  than  twenty-two  parts  of  water  are  neccffary  to  diflblve  one  of  muriate  of 
lead,  and  the  diffolving  power  is  much  encrcafed  by  the.prcfence  of  an  acid,  yet  we  fee  in 
the  cafe  before  us  it  could  refill  the  a£Uon  of  a  much  greater  quantity,  even  when  aided  by 
a  confiderable  portion  of  nitric  acid  in  excefs ;  fuch  examples  arc  not  rare  in  natural  fub- 
ftances,  compared  with  the  flight  aggregation  of  thofe  which  art  can  produce. 

The  exiftence  of  a  natural  muriate  of  lead  has  been  fufpe&ed  more  than  once.  Ferber 
examined  a  fpecimen  found  at  Meis  and  Bleyftadt,  in  Bohemia,  which  he  imagined  to 
contain  muriatic  acid;  but  the  Baron  de  Born  aflures,  that  Klaproth,  upon  an  accurate 
analyfis,  had  determined  thofe  fame  grey  hexaedral  cryftals,  which  Ferber  had  procured,  to 
Be  merely  phofphate  of  lead,  a  variety  then  well  known.  Monf.  Sage  had  likewife  aflerted 
as  much;  but  the  fpecimens  which  he  had  tried,  being  further  fubmitted  to  inveftigation 
by  Mr.  Laborie,  and  by  fome  members  of  the  Royal  Academy  of  Paris,  were  found  to 
be  totally  void  of  muriatic  acid,  and  are  now  univerfally  acknowledged  as  pure  carbonated 
leads. 

The  authorities  here  mentioned  are  too  refpe&able  for  me  to  difcufs  their  merits.  I 
(hall  only  add,  that  after  the  experiments  above  defcribed,  and  which  were  performed 
in  the  prefence  of  Monf.  de  Bournon,  he  no  longer  refufes  his  afient  to  this  new  fpecies 
of  lead  ore,  now  firft  proved,  if  not  difcovered,  but  has  added  ic  to  thofe  varieties  already 
admitted  in  the  fyftem  of  mineralogy. 
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VII. 

Experiments  on  the  Chemical  Ejft&s  of  Galvanic  EUBrieity.    By  Mr*  IViiljam  Henry. 

To  Mr.  NICHOLSON. 
S  IR, 

Manchejler^  July  20,  1800. 

JlN  addition  to  the  intercfting  fa£ts,  refpe£Ung  the  chemical  aftion  of  galvanifm,  which 
appeared  in  the  lad  Number  of  your  Journal,  I  beg  leave  to  communicate  the  following 
experiments.  The  apparatus,  which  I  employed,  needs  no  further  defcription  than  that 
it  confided  of  half  crowns  and  fimilar  pieces  of  zinc,  varying  in  number  as  occafion 
required,  with  pieces  of  woollen  cloth  interpofed,  foaked  in  a  faturated  folution  of  common 
fait.  I  tried  muriate  of  lime,  as  a  foMUtute  for  common  fait,  but  without  any  better 
effedt. 

1.  To 
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*,  To  the  hiftory  of  the  phenomena,  attending  the  decompofition  of  water  by  this  new 
influence,  which  have  been  already  accurately  defcribed  by  yourfclf,  and  by  MetTrs. 
Carlifle  and  Cruickfhank,  I  have  little  to  add.  If  the  water  be  confined  by  mercury,  in  a 
tube  with  a  condu£tor  fealed  hermetically  into  one  end,  a  produ&ion  of  gas  only  takes 
place,  when  the  condu&or  communicates  with  the  filver  fide  of  the  apparatus;  and  if  the 
order  be  inverted,  i.  e.  if  the  mercury  be  conne&ed  with  the  filver  end,  and  the  condu&or 
at  the  fealed  extremity  of  the  tube  with  the  zinc  end,  of  the  pile,  no  gas  whatever  is  pro- 
duced, though  the  agitation  of  the  furface  of  the  mercury  in  the  tube  fhews  that  the  in- 
fluence is  ftill  tranfmitted.  On  paffing  up  a  wire  of  any  metal  through  the  quickfilver,  fo 
that  its  extremity  may  rife  into  the  water,  gas  then  begins  to  afcend  copioufly  from  the 
lower  wire.  Does  not  this  {hew,  that  pointed  bodies  are  more  effectual  in  decompofing 
water  than  bodies  with  rounded  furfaces  ? 

It  may  be  worth  while  to  obferve,  that  the  change  of  the  colour  of  litmus  from  blue  to 

red,  occurs  in  diftilled  water,  even  after  long  boiling.    From  Dr.  Pearfon's  experiments*, 

< 

however,  it  appears  that  air  is  feparated  by  eleftric  (hocks  from  water,  which  has  been 
expofed  under  a  receiver,  exhaufted  by  a  powerful  stir  pump. 

2.  Concentrated  fulphuric  acid  was  fubmitted  to  this  influence,  in  a  glafs  tube,  fur- 
nifhed  with  two  platina  conductors,  the  open  end  of  the  tube  being  immerfed  in  a  cupful 
of  the  fame  acid.  Gas  was  produced  in  great  plenty,  one  half  of  which  was  abforbed  by 
fulphuret  of  potafh.  The  remainder  was  hydrogenous  gas,  from  the  decompofition  of 
water,  which  even  the  ftrongeft  fulphuric  acid  neceflarily  contains.  But  as  the  oxygenous 
gas  was  fufficient  to  have  faturated  twice  the  quantity  of  hydrogen  gas  evolved,  one  half  of 
the  former  mud  have  had  another  origin  than  water,  and  may  he  afcribed  to  the  decom- 
pofition of  the  acid.  Indeed,  during  the  paflage  of  the  ele&ricity,  a  white  cloud  was  ob- 
ferved  to  furround  the  wire  from  which  the  gas  afcended,  and  which  was  probably 
difoxygenated  fulphur. 

3.  Perfeftly  pure  and  colourlefs  nitric  acid  was  rapidly  decompofed  in  a  fimilar  ap- 
paratus. The  acid  a  flu  me  d  a  draw  colour,  and  gas  was  obtained,  confiding  of  oxygenous 
and  azotic  gafes,  in  the  proportion  of  530  of  the  former  to  151  of  the  latter. 

4.  From  liquid  muriatic  acid,  424  parts  of  gas  were  evolved,  of  which  144  were 
oxygenous,  and  280  hydrogenous.  Thefe  gafes  had,  doubtlefs,  their  origin  from  the  de- 
compofition of  water.  The  quantity  of  the  acid  being  confiderable,  in  proportion  to  the 
gafes  produced,  it  did  not  exhibit  the  marks  of  having  become  oxygenated  during  the 
experiment. 

5.  A  tube  was  prepared  with  platina  conduQors,  covered  with  wax,  and  being  filled 
with  a  faturated  folution  of  oxygenated  muriatic  acid  in  water,  the  circuit  was  completed 
through  it,  between  the  two  ends  of  the  pile.    The  gas  evolved  was  a  mixture  of  oxygenous 

*  Phil.  Tranf,  1797,  or  this  Journal,  vol.  h 

and 
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and  hydrogenous,  in  the  proportion  of  136  to  118.  Nov  the  118  parts  of  hydrogen 
gas  require  59  by  mcafure  of  oxygen  gas  for  faturation.  The  remaining  77  parts  of 
oxygen  gas  arofe  from  the  de-oxygenation  of  the  acid. 

6.  As  no  certain  conclufions  refpe&ing  the  compofitionof  the  muriatic  acid  can  be 
drawn  from  experiments,  inftituted  on  it  when  condenfed  by  water,  I  was  eager  tp  try 
the  efFe£U  of  this  new  and  powerful  agent  on  the  acid  in  a  gafeous  form.  But  it  was 
neceffary  to  afcertain  previoufly,  whether  the  galvanic  influence  be  capable  of  paffing 
through  aeriform  bodies.  An  argument  to  the  contrary  was  (urnifhed  by  the  inefficiency 
of  this  influence  in  inflaming  mixtures  of  oxygen  and  hydrogen  gafes ;'  for  when  the  gafes 
evolved  from  decompofed  water,  have  difplaced  the  whole  of  the  liquid  above  the  ex* 
tTemity  of  the  upper  wire,  the  evolved  gafes  do  not  take  fire,  as  they  do  in  the  experiment 
of  Dr.  Deiman.  Another  fa£,  (hewing  the  non-tranfmiffion  of  this  influence  through 
air,  is  that  when  a  little  air  is  let  up  into  an.  inverted  tube  filled  with  water,  and  f urnifhed 
with  two  conductors,  fo  as  to  difplace  the  water  a  little  below  the  extremity  of  the  upper 
wive,  no  gas  afcends,  though  the  lower  wire  be  conne&ed  with  the  filver  bafe  of  the  pile. 
I  found,  alfo,  that  a  divifion  in  a  piece  of  tin-foil  pafted  on  glafs,  even  when/o  fmall  at 
not  to  be  difcerned  without  a  magnifier,  interrupted  the  paflage  of  the  galvanic  fluid. 
But  this  non-condu&ing  property  might  poflibly  be  peculiar  to  common  air,  and  it  was 
defirable,  therefore,  that  the  tranfmitting  power  of  other  gafes  fhould  be  ascertained. 

One  of  the  mod;  delicate  tefts  I  know  of  the  effeft  of  ele&ricity  on  gafes  is  furniflied  by 
the  phofphorated  hydrogen  gas,  which,  by  common  ele&rical  fhocks*  or  even  fparks, 
is  expanded  with  great  rapidity.  I  expofed,  therefore,  a  portion  of  this  gas  over  mercury, 
in  a  tube  fumifhed  at  one  end  with  a  pt&tina  condu&or,  which  was  conne&ed  with  the 
filver  end  of  the  pile,  while  the  mercury  that  confined  the  gas  was  conne&ed  with  the  ?inc 
end.  Bat  *fter  landing  feverai  hours,  no  change  had  enfued..  In  a  fimilar  manner! 
expofed  a  mixture  of  muriatic  acid  and  oxygenous  gafes,  which  common  ele&rical  dif* 
charges  rapidly  diminifh,  without  any  contra&ion  of  bulk,  or  change  of  properties  *. 
Neither  was  any  permanent  gas  evolved  by  a  fimilar  treatment  of  muriatic  acid  gas  alone. 
The  deficiency  of  the  property  of  tranfmiffion  through  gafes  limits  confiderably  the  ufe  of 
galvanifm  as  a  chemical  agent,  and  has  totally  overturned  my  proje&  of  attempting,  by  its 
intervention,  the  analyfis  of  muriatic  acid. 

7.  Finding  it  impra&icable  to  tranfmit  the  influence  through  ammoniacal  gas,  I  ex* 
pofed  to  its  a£tion  a  portion  of  water  perfectly  faturated  With  this  alcali.  The  refult, 
which  has  been  confirmed  by  frequent  repetitions,  furprized  me  not  a  little.  No  oxy- 
genous gas  was  produced  ;  for  the  evolved  gas  was  not  diminifhed  by  fulphuret  of  potafh, 
neither  did  it  inflame  on  paffing  through  it  an  eleftric  fpark.    On  firing  it  with  oxygen* 

•  I  was  miffed  at  firft  to  believe  that  a  contraction  had  taken  place,  becaufe  the  fcaJing  wax,  with 
which  the  platina  wires  were  covered,  had  abforbed  a  portion  of  muriatic  acid  gas. 
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gas,  it  was  dimlnifhed  very  greatly,  and  a  folution  of  fulphuret  of  potaih,  after  having  ab« 
{traded  the  excefs  of  oxygen  gas,  left  only  a  fmall  bubble  of  azotic  gas,  which  may  be 
traced  to  the  oxygen  gas  employed  to  efre&  the  combuftion. 

8.  A  folution  of  cauftic  vegetable  alcali,  being  expofed  in  a  fimxlar  manner,  the  gas 
produced  was  pure  hydrogen  gas.  During  the  procefs,  the  furface  of  the  mercury  became 
covered  with  a  blackifh  film,  efpecially  at  its  edges  where  it  was  in.  contact  with  the  glafc 
tube.  The  black  matter,  however,  was  confined  to  the  furface  of  the  mercury,  and  was 
not  generated  at  the  fame  part  of  the  tube  at  which  gas  was  produced,  viz.  in  contaft  with 
the  platina  wire.  It  (till  occurred  even  on  ufing  mercury  which  had  been  carefully 
diftilled  for  the  purpofe. 

The  two  laft  fafts  are  the  mod  curious  that  have  occurred  in  the  courfe  of  my  ex* 
periments.    In  experiment  7,  the  volatile  alcali  was  certainly  decompofed,  for  had  the 
hydrogen  gas  proceeded  from  the  decompofition  of  water  only,  oxygenous  gas  would  alfa 
have- been  obtained.    Into  what  new  combination  does  the  azote,  in  this  cafe,  enter  ?   It  is 
not  improbable  that  at  the  fame  inftant  both  water  and  ammoniac  are  decompofed ;  that 
the  hydrogen  of  both  is  converted  into  gas ;  and  that  the  oxygen  of  the  water,  uniting 
with  the  azote  of  the  alcali,  compofes  nitric  acid,  which,  combining  with  the  ammoniac, 
produces  nitrate  of  ammonia.    The  deftru&ion  of  the  vegetable  alcali  is  not  lefs  certain. 
From  the  8th  experiment  we  derive  a  fufficient  proof  that  it  contains  hydrogen.     Azote 
is  probably  another  of  its  conflituents,  but  is  prevented  from  appearing  in  the  gafeous  ftate 
by  its  union  with  oxygen,  evolved,  at  the  fame  inftant,  by  the  decompofition  of  a  portion  of 
water.    Thefe  fuggeftions  admit  of  being  verified  by  a  careful  examination  of  the  alcaiis, 
after  expofure  to  the  influence  of  gahranifm ;  and  a  third  component  of  the  vegetable 
alcali  will  perhaps  be  found  in  the  black  precipitate  above  defcribed.    I  have  not  been 
inattentive,  even  hitherto,  to  thefe  points;  but  the  mmutenefs  of  the  quantities  fub- 
mitted  to  experiment  prevents  me  from  fpeaking  decisively,  and  I  choofe  rather  to  referve 
myfelf  for  the  refults  of  experiments  now  going  on,  than  to  incur  the  rifle  of  being 
forced  to  retraft  a  hafty  aflertion.    In  the  mean  time,  I  fend  you  thefe  particulars  of  un— 
finiihed  experiments,  becaufe  thofe  who  are  practically  engaged  in  inveftigating  the  pro- 
perties of  galvanifm  may  derive,  from  a  communication  with  each  other  through  the 
medium  of  your  Journal,  fome   of  the  advantages  of  perfonal  intercourse  and  co- 
operation. 

I  am  refpe£tfu!ly, 
SIR, 

Your  obedient 

humble  fervant, 

WILLIAM  HENRY. 

JDtftription 
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Defcription  of  a  new  Inftrument  for  repeating  the  Examination  of  the  Strata  which  have  been 
penetrated  by  the  common  boring  Inftrument  ufed  in  Mine  Works.  By  A.  &aillet>  In- 
fpcQor  of  Mines,  and  Profejfor  at  the  Mineral  School  at  Paris  *. 


A 


FTER  remarking  the  great  utility  of  boring,  in  order  to  afcertain  the  exiftence  of 
mineral  fubftances,  particularly  coal  at  great  depths,  the  author  obfcrves,  that  it  would  be 
of  great  advantage  if  this  operation  could  be  eafily  repeated  or  verified,  "  It  often 
"  happens,"  fays  he,  "  that  fome  doubts  remain  concerning  the  nature,  the  tbicknefs,  or 
"  the  pofition,  of  the  principal  mineral  ftrata  through  which  the  borer  has  pafled,  This 
4t  uncertainty  increafes  when  there  is  reafon  to  fufpecfc  the  integrity  of  the  perfons  era- 
w  ployed;  in  which  cafe  there  is  but  one  method  of  removing  the  uncertainty,  viz.  to  bore 
"  the  fame  excavation  a  fecond  time  with  a  tool  of  a  larger  diameter,  and  endeavour  to 
iC  confirm  the  refults  of  the  firft  operation  by  obferving  thofe  of  the  fecond."  The  flow- 
nefs,  the  expence,  and  the  other  inconveniences  of  this  method,  may  eafily  be  imagined. 
To  ayoid  thefe  the  author  propofes  the  ufe  of  an  inftrument,  which  he  calls  a  verifier 
(verificateur),  which  is  of  ufe  to  take  at  any  required  depth  in  the  hole  or  re&iform,  a 
fample  of  the  ground  which  exifts  at  that  fpot.  This  inftrument,  reprefented  at  fig.  i, 
plate  9,  is  compofed  of  two  principal  pieces  j  a  fuperior  piece  a  b,  in  which  there  is  a 
cylindrical  cavity  opening  below ;  and  another  inferior  piece  c  d}  inferted  in  this  cavity, 
and  terminating  in  a  cone. 

Thefe  two  pieces  are  conne&ed  together  by  means  of  two  keys  or  pins  e  ey  which  paf? 
through  the  upper  piece,  and  occupy  a  circular  groove  ef  in  the  lower  piece* 

The  upper  piece  contains  two  knives  g  g,  let  into  its  thicknefs,  and  fixed  at  their  upper 
extremity  By  a  fcrew  h.  A  gutter  or  groove y,  of  an  helical  form,  is  made  from  the  lower 
part  of  each  blade,  for  the  purpofe  of  conveying  the  fragments  and  powder  fcraped  off 
by  thefe  knives  into  the  cup  or  cavity  of  the  lower  piece  £• 

When  the  apparatus  is  addrefied,  the  backs  of  the  two  knives  touch  each  other  at  /,  and 
the  point  of  the  cone  m  lies  in  the  angle  formed  by  the  (lopes  of  the  two  knives* 

The  extremity  /  of  the  inftrument  terminates  in  a  fcrew,  which  is  not  reprefented  in 
the  prefent  drawing,  and  the  other  extremity  r  likewiie  terminates  in  a  fcrew  \  fo  that  by 
means  of  thefe  the  inftrument  may  be  lodged  in  any  part  of  an  hole  already  bored.  That 
is  to  fay,  a  rod  of  any  required  length  may  be  fixed  below  it  by  means  of  the  fcrew  /,  and 
the  other  rods  neceflary  to  lower  it  down,  may  be  fcrewed  on  above, 

•  Communicated  to  the  Philomathk  Society,  sad  inferted  in  their  Bulletin,   No,  39,   in  the  Sth 
'.republican  year* 

Qg2  The 
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The  author  remarks,  I,  that  the  two  pieces  of  the  inftrument  being  conne&ed  tofc 
gether,  it  can  eafily  be  let  down  into  any  hole,  and  drawn  up  again  ?  2,  that  if  the 
lower  piece  reds  on  a  fixed  fupport,  the  upper  piece  is  capable  of  descending  through 
a  quantity  determined  by  the  (pace  left  in  the  excavation,  which  receives  the  two 
keys  in  e  e\  'and  that  during  this  defcent,  the  knives  will  be  forced  afunder  by  the  cone 
of  the  lower  piece  forcing  itfelf  between  their  backs;  3,  that  the  upper  piece  is  capable 
of  turning  upon  the  lower,  in  which  Cafe  the  knives  will  cut  away  the  ground,  and  the 
fragments  will  fall  into  the  groove,  and  be  conduced  into  the  cup  beneath;  4,  laftly,. 
that  if  the  inftrument  be  drawn  up  again,  the  two  knives  will  retire  into  their  cells,, 
either  by  the  effeft  of  their  own  elafticity,  or  by  that  of  a  fpring  properly  placed 
for  that  purpofe,  or  by  the  re-a&ion  of  the  ground '  itfelf,  which  preffes  them  as 
they  rife.  » 

The  author  afterwards  enters  more  at  large  into  the  ufes  of  his  inftrument,  which 
the  reporter  of  the  fociety  concifely  ftates  as  being  efieded  by  adapting  to  the  in- 
ftrument a  feries  of  rods  fucceffively  lowered  into  the  cavity,  and  of  which  the  length 
is  fuch  that  the  knives  of  the  inftrument  {Kail  be  found  at  the  exaft  height  of  the  ftraturrc 
intended  to  be  examined  when  the  lowed  rod  touches  the  bottom.  Other  rods  are  of 
courfe  Jto  be  added  above,  in  order  to  conduit  and  manage  the  inftrument ;  in  this 
fituation  of  things  nothing  more  is  required  than  to  turn  the  apparatus  in  the  fame 
manner  as  a  borer,  and  when  it  is  prefumed  that  the  knives  have  detached  a  fufficicftt 
quantity,  the  inftrument  is  drawn  up. 

The  author  terminates  Ins  memoir  by  feveral  eflenttal  obfervations.  The  firft. 
relates  to  the  neceffity  of  not  leaving  the  upper  rods  to  the  a&ion  of  their  own  weight* 
which  would  produce  the  great  inconvenience  of  feparating  the  knives  too  muck 
at  firft,  and  endangering  the  upper  rods  by  too  great  refiftance.  The  rods  may 
eafily  be  lowered  properly,  and  by  degrees,  by  employing  the  frame  and  fcrew  ar 
fig.  3,  through  which  the  upper  rod  pafles. 

The  fccond  obfervation  relates  to  the  different  methods  of  adjufting  the  verifier 
to  the  precife  height  where  the  a&ion  is  intended  to  take  place*  For  this  purpofe 
a  rod  of  the  proper  length  may  be  forged,  in  order  that  k  may  be  fixed  to  one  or 
more  of  the  common  rods  ;  or  otherwife  the  operator  may  provide  frimfelf  with  two  rod* 
of  one  decimetre,  one  of  two  decimetres,  and  another  of  five  decimetres,  which  fyftem 
will  give  all  the  lengths  from  decimetre  to  decimetre,  from  \  to  9,  &c. 

The  third  and  laft  obfervation  relates  to  the  depth  of  the  circular  cut  which 
the  two  knives  will  make.  Under  like  circumftapces  a  cavity  of  twice  the  dimenfiori* 
may  be  made  with  one  knife  inftead  of  two.  The  fingle  knife  mult  have  the  torn* 
reprefented  in  fig.  2*    % 
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Central  Principles  and  Conjlru&ion  of  a  Sub-marine  Vejfel^  communicated  by  D.  Bt/SHHELL, 
of  ConntRicuti  the  Inventor*  in  a  Letter  of  08obery  1787,  to  Thomas  Jefferjon^  then 
Minijier  Plenipotentiary  of  the  United  States  at  Paris?  » 

X  PE  external  fhape  of  the  fub  marine  veffel  bore  fome  refemblance  to  two  upper  . 
tortoifc  fhells  of  equal  fize,  joined  "together;  the  place  of  entrance  into  the  veflel  being; 
reprefented  by  the  opening  made  by  the  fwell  of  the  (hells,  at  the  head  of  the  animal. 
The  infide  was  capable  of  containing  the  operator,  and  air,  fufficient  to  fupport  him  thirty 
minutes  without  receiving  frefh  air.  At  the  bottom  oppofite  to  the  entrance  was  fixed  a 
quantity  of  lead  for  ballad.  Atone  edge  which  was  direftly  before  the  operator,  who- 
fat  upright,  wad  an. oar  for  rowing  fprward  or* backward.     At  the  other  edge,  was  a 

*  Transactions  of  the  American  Philofophical  Society.     IV.  303.  , 

Thi«  is  the  only  modern  inftance  I  am  acquainted  with  of  the  purfuit  of  fub-marine  navigation.  The 
fubjeft  was  largely  and  pleafantly  defcanted  lipon  by  Merfennus  in  his  TraSalus  de  Magnetis  Propr'uta- 
tibusy  and  Bifhop  Wilkins  has  given  a  chapter  at  fome  length  on  the  fame  fubje&,  in  his  Mathematical 
Magick  (ed.  1648)  where  he  affirms,  that  Cornelius  JDreble  had  proved,  beyond  all  que  ft  ion,  that 
the  contrivance  is  feafible  by  the  experiments  he  made  in  England.  The  chapter  of  Wilkins  is  enter- 
taining for  a  fort  of  vifionary  facility  with  which  he  removes  the  difficulties  and  enumerates  the  benefits  of 
thefe  fub-marine  enterprizes.  For  letting  out  and  taking  in  fuch  things  as  the  nature  of  the  voyage  may 
require,  he  recommends  bags,  or  flexible  tubes,  ioinewhat  refembling  the  fcupper  bags  of  (hips.  The 
progreflive  motion  may,  be  ob&rVes,  be  produced  by  fins  or  oars,  which  will  operate  with  eafe  when  the 
•veftel.  is  truly  equipoifed,  and  if  fwiftnefs  mould  not  be  obtained,  he  fuppo&s,  the  obfervations  and  difco- 

'  series  to  be  made  at  the  bottom  of  the  fea  would  abundantly  recompence  for  that  defects  The  greateft 
difficulty,  in  his  apprehenfton,  would  be  in  the  neceffity  of  renovating  the  air  for  refpiration  and  com- 
bullion ;  for  remedying  which,  befides  the  probability  that  cuftom  may  render  men  capable  of  living  in  air 
of  inferior  purity,  he  has  feveral  philofophical  views  and  projects.  The  conveniences  and  advantages  » 
he  enumerates,  are,  1.  Privacy  $  as  a  mm  may  thus  go  to  any  part  of  the  world  invifibly,  without 
•being  difcoyercd or  prevented.  a.  Safety;  from' the  uncertainty  of  tides  and  tempefts  which  vex  the  fur* 
face  j  from  pirates  and  robbers  5  and  from  the  ices  which  Co  much  endanger  .other  voyages  towards  the 
©oles.  3.  It  may  be  of  ufe  to  undermine  and  blow  up  a  navy  of  enemies:  4.  Or  to  relieve  a  blockaded 
place  :  5.  And  as  the  profpeft  enlarges  in  the  mind  of  our  author,  he  proceeds  to  contemplate  the  unfpeak- 
able  benefit  of  fub-marine  difcoveries.  Experiments  on  the  a  fee  nt  and  clefcent  of  fubmerged  bodies  j  the 
exploration  of  the  deep  caverns  and  pafTages  of  the  waters  of  the  ocean ;    obfervations  on  the  nature  and 

•kinds  of  fifties,  with  the  allurements,  artifices,  and  treacheries,  which,  may    fuccefsfully  be  practiced 

.during  fo  familiar  a  refidence  in  their  territories.;  the  food  and  oil  they  .may  afford;  the  probability  of 
fi-efh  fprings  for  a  fuppiy  of  water  at  the  bottom  of  the  fea ;  the  facility  of  recovering  fub-marine  rrea&res 
whether  loft  or  naturally  produced  beneath  the  ocean  ;  and  laft  of  ail  he  adds,  that 

"  All  kinds  of  arts  and  manufactures  may  be  exercifed  in  this  vefTel.     The  obfervations  made  by  it  may 
44  T>e  both  written,  and  (if  need  were)  printed  here  likewife.     Several  colonies  may  thus  inhabit,  having 

•**  (heir  children  born  and  bred  up  without  the  knowledge  of  land,  avko  could  n§t  cbufe  but  be  amaxtd 
u  nukb  Jlr**gi  (Q*mts  uftn  the  di/cwey  9f*bis  *ft*r  <worW  '    , 

rudder 
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rudder  for  ftccring.  An  aperture,  at  the  bottom,  with  its  valve,  was  defigned  to  admit 
water,  for  the  purpofe  of  defcending ;  and  two  brafs  forcing  pumps  ferved  to  ejeft  the 
water  within,  when  neceflary  for  afcending.  At  the  top,  there  was  likewife  an  oar  for 
afcending  or  defcending,  or  continuing  at  any  particular  depth— A  water  gauge  or  baro- 
meter, determined  the  depth  of  defcent,  a  compafs  dire&ed  the  courfc,  and  a  ventilator 
within,  fupplied  the  veflei  with  frefli  air,  when  on  the  furface. 

The  entrance  into  the  veflei  was  elliptical,  and  fo  fmall  as  barely  to  admit  a  perfon. 
This  entrance  was  furrounded  with  a  broad  elliptical  iron  band,  the  lower  edge  of  which 
was  let  into  the  wood  of  which  the  body  of  the  veflei  was  made,  in  fuch  a  manner,  as  to 
give  its  utmoil  fupport  to  the  body  of  the' veflei  againft  the  preflure  of  the  water.  Above 
the  upper  edge  of  this  iron  band,  there  was  a  brafs  crown,  or  cover,  refembling  a  hat 
with  its  crown  and  brim,  which  (hut  water  tight  upon  the  iron  band :  the  crown  was  hung 
to  the  iron  band  with  hinges  fo  as  to  turn  over  fidewife,  when  opened.  To  make  it  per- 
fectly fectfre  when  fliut,  it  might  be  fcrewed  down  upon  the  band  by  the  operator,  or  by 
a  perfon  without. 

There  were  in  the  brafs  crown,  three  round  doors,  one  dire&ly  in  front,  and  one  on 
each  fide,  large  enough  to  put  the  hand  through— when  open  they  admitted  freQi  air  ; 
their  (butters  were  ground  perfedly  tight  into  their  places  with  emery,  bung  with  hinges 
and  fecured  in  their  places  when  (hut.  There  were  likewife  feveral  fmall  glafs  windows 
in  the  crown,  for  looking  through,  and  for  admitting  light  in  die  day  time,  with  covers 
to  fecure  them.  There  were  two  air  pipes  in  the  crown.  A  ventilator  within  drew  frefli 
air  through  one  of  the  air  pipes,  and  discharged  it  into  the  lower  part  of  the  veflfel ;  the 
frelh  air  introduced  by  the  ventilator,  expelled  the  impure  light  air  through  the  other  air 
pipe.  Both  air  pipes  were  fo  conftrufted,  that  they  (hut  themfelves  whenever  the  water 
rofe  near  their  tops,  fo  that  no  water  could  enter  through  them,  and  opened  themfelves 
immediately  after  they  rofe  above  the  water. 

The  veflei  was  chiefly  ballafted  with  lead  fixed  to  its  bottom ;  when  this  was  not  fuffi- 
cient,  a  quantity  was  placed  within,  more  or  lefs,  according  to  the  weight  of  the  operator; 
its  ballaft  made  it  fo  ftifF,  that  there  was  no  danger  of  overfetting.  The  veflei  with  all  its 
appendages,  and  the  operator,  was  of  fufficient  weight  to  fettle  it  very  low  in  the  water. 
About  two  hundred  pounds  of  the  lead,  at  the  bottom,  for  ballaft,  could  be  let  down 
forty  or  fifty  feet  below  the  veflei;  this  enabled  the  operator  to  rife  inftantly  to  the  furface 
of  the  water,  in  cafe  of  accident* 

When  the  operator  would  defcend,  he  placed  his  foot  upon  the  top  of  a  brafs  valve, 
deprefling  it,  by  which  he  opened  a  large  aperture  in  the  bottom  of  the  veflei,  through  which 
the  water  entered  at  his  pleafure ;  when  he  had  admitted  a  fufficient  quantity,  he  defcended 
very  gradually ;  if  he  admitted  too  much,  he  ejeded  as  much  as  was  neceflary  to  obtain 
an  equilibrium,  by  the  two  brafs  forcing  pumps,  which  were  placed  at  each  hand.  When- 
ever the  veffel  leaked,  or  he  would  afcend  to  the  furface,  he  alfo  made  ufc  of  thefe  forcing 
.  pumps.    When  the  fltilful  operator  had  obtained  an  equilibrium,  he  could  row  upward,  or 

downward 
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downward,  or  continue  at  any  particular  depth,  with  an  oar,  placed  near  the  top 
of  the  reflet,  formed  upon  the  principle  of  the  fcrew,  the  axis  of  the  oar  entering  the 
vqATcI  *,  by  turning  the  oar  one  way  he  raifed  the  veflel,  by  turning  it  the  other  way  he 
deprefled  it. 

A  glafs  tube  eighteen  inches  long,  and  one  inch  in  diameter,  (landing  upright,  its  upper 
end  clofed,  and  its  lower  end,  which  was  open,  fcrewed  into  a  brafs  pipe,  through  which 
the  external  water  had  a  paflage  into  the  glafs  tube,  ferved  as  a  water-gauge  or  barometer. 
There  was  a  piece  of  cork  with  phofphorus  on  it,  put  into  the  water-gauge.  When  the 
veflel  defcended  the  water  rofe  in  the  water-gauge,  condenfing  the  air  within,  and  bearing 
the  cork,  with  its  phofphorus,  on  its  furface.  By  the  light  of  the  phofphorus,  the 
afcent  of  the  water  in  the  gauge  was  rendered  vifible,  and  the  depth  of  the  veflel  under 
water  afcertained  by  a  graduated  line. 

An  oar,  formed  upon  the  principle  of  the  fcrew,  was  fixed  in  the  forepart  of  the  veflel ; 
its  axis  entered  the  veflel,  and  being  turned  one  way,  rowed  the  veflel  forward,  but  being 
turned  the  other  way  rowed  it  backward ;  it  was  made  to  be  turned  by  the  hand  or 
foot. 

A  rudder,  hung  to  the  hinder  part  of  the  veflel,  commanded  it  with  the  greateff  cafe*. 
The  rudder  vas  made  very  elaftic,  and  might  be  ufed  for  rowing  forward.  Its  tiller  was 
within  the  veflel,  at  the  operator's  right  hand,  fixed,  at  a  right  angle,  on  an  iron  rod1, 
which  parted  through  the  fide  of  the  veflel ;  the  rod  had  a  crank  on  its  outfide  end,  which 
commanded  the  rudder,  by  means  of  a  rod  extending  from  the  end  of  the  crank  to  a  kind 
of  tiller,  fixed  upon  the  left  hand  of  the  rudder.  Raifing  and  depreffing  the  firft  men* 
tioned  tiller  turned  the  rudder  as  the  cafe  required 

A  compafs  marked  with  phofphorus  directed  the  courfe,  both  above  and  under  the 
water ;  and  a  line  and  lead  founded  the  depth  when  neceflary. 

The  internal  fhape  of  the  veflel,  in  every  poflible  fe&ion  of  it,  verged  towards  an 
cllipfis,  as  near  as  the  defign  would  allow,  but  every  horizontal  fed  ion,  although  ellip- 
tical, yet  as  near  to  a  circle,  as  could  be  admitted.  The  body  of  tjie  veflel  was  made  ex- 
ceedingly ftrong ;  and  to  ftrengthen  it  as  much  as  poflible,  a  firm  piece  of  wood  was  ' 
framed,  parallel  to  the  conjugate  diameter,  to  prevent  the  fides  from  yielding  to  the  great 
preflure  of  the  incumbent  water,  in  a  deep  immerfion.  This  piece  of  wood  was  alfo  a 
feat  for  the  operator. 

Every  opening  was  well  fee u red.  The  pumps  had  two  fets  of  valves.  The  aperture  at 
the  bottom,  for  admitting  water,  was  covered  with  a  plate,  perforated  full  of  holes  to 
receive  the  water,  and  prevent  any  thing  from  choaking  the  paflage,  or  flopping  the  valve 
from  fhutting.  The  brafs  valve  might  likewife  be  forced  into  its  place  with  a  fcrew,  if 
neceflary.  The  air  pipes  had  a  kind  of  hollow  fphere,  fixed  round  the  top  of  each,  to 
fecure  the  air-pipe  valves  from  injury :  thefe  hollow  fpheres  were  perforated  fuD  of  holes 
for  the  paflage  of  the  air  through  the  pipes :  within  the  air-pipes  were  (hutters  to  fecure 
them,  fhould  any  accident  happen  to  the  pipes,  or  the  valves  on  their  tops. 

Wherever 
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'  Wherever  the  eitcrnal  apparatus  paffed  through  the  body  of  the  veffel,  the  joints  were 
found,  and  formed,  by  brafs  pipes,  which  were  driyen  into  the  wood  of  the  veffel,  the  holes 
through  the  pipes  were  very  exa&ly  made,  and  the  iron  rods,  which  paffed  through  them, 
were  turned  in  a  lathe  to  fit  them ;  the  joints  were  alfo  kept  full  of  oil,  to  prevent  ruft 
and  leaking.  Particular  attention  was  given  to  bring  every  part,  neceffary  for  performing 
the  operations,  both  within  and  without  the  veffel,  before,  the  operator,  and  as  conveni- 
ently as  could  be  devifed  ;  fo  that  every  thing  might  be  found  in  the  dark,  except  the 
water-gauge  and  the  compafs,  which  were  vifible  by  the  light  of  the  phofphorus,  and 
nothing  required  the  operator  to  turn  to  the  right  hand,  or  to  the  left,  to  perform  any 
thing  neceffary. 

No.  2.. 

Defcription  of  a  magazine  and  its  appendages^  deftgned  to  he  conveyed  by  the  fub -marine  veffel  to 

the  bottom  of  a  [hip. 

In  the  forepart  of  the  trim  of  the  crown  of  the  fub-marine  veffel,  was  a  focket,  and  an 
iron  tube,  paffing through  the  focket;  the  tube  ftood  upright,  and  could  Aide  up  and 
down  in  the  focket,  fix  inches:  at  the  top  of  the  tube,  was  a  wood  fcrew  (A)  fixed  by 
means  of  a  rod,  which  paffed  through  the  tube,  x  and  fere  wed  the  wood  fcrew  fail  upon 

the  top  of  the  tube:  by  pufhing  the  wood  fcrew  up  againft  the  bottom  of  a  (hip,  and 

» 

turning  it  at  the  fame  time,  it  would  enter  the  planks ;  driving  would  alfo  anfwer  the 
fame  purpofe ;  when  the  wood  fcrew  was  firmly  fixed,  it  could  be  call  off  by  unCcrewing 
the  rod,  which  fattened  it  upon  the.  top  of  the  tube.  v 

Behind  the  fub-marine  veffel,  was  a  place,  above  the  rudder,  for  carrying  a  large 
powder  magazine,  this  was  made  of  two  pieces  of  oak  timber,  large  enough  when  hollowed 
out  to  contain  one  hundred  and  fifty  pounds  of  powder,  with  the  apparatus  ufed  in  firing 
it,  -and  was  fecured  in  its  place  by£  fcrew,  turned  by  the  operator.  A  (Irong  piece  of 
rope  extended  from  the  magazine  to  the  wood  fcrew  (A)  above  mentioned,  and  was 
fattened  to  both.  When  the  wood  fcrew  was  fixed,  and  to  be  cad  off  from  its  tube,  the 
magazine  was  to  be  cad  off  likewife  by  unferewing  it,  leaving  it  hanging  to  the  wood 
fcrew ;  it  was  lighter  than  the  water,  that  it  might  rife  up  againft  the  objeft,  to  which  the 
wood  fcrew  and  itfelf  were  fattened. 

Within  the  magazine  was  an  apparatus)  conftrufted  to  run  any  propofed  length  of  time^ 
under  twelve  hours;  when  it  had  run  out  its  time,  it  unpinioned  a  ftrong  lock  refembling  a 
gun  lock,  which  gave  fire  to  the  powder.  This  apparatus  was  fo  pinioned,  that  it  coujd 
not  poffibly  move,  till,  by -catting  off  the  magazine  from  the  veffel,  it  was  fct  in  motion. 

The  fkilful  operator  could  fwim  fo  low  on  the  furface  of  the  water,  as  to  approach  very 
near  a  (hip,  in  the  night,  without  fear  of  being  difcovered,  and  might,  if  he  chofe,  ap- 
proach the  Item  or  ftern  above  water,  with  very  little  danger.  He  could  fink  very  quickly, 
keep  at  any  depth  he  pleafed, -and  row  a  great  dittance  in  any  direction  he  defired,  without 
coming  to  the  furface,  and  when  he  rofe  to  the  furface,  he  could  foon  obtain  a  freih  fupply 
c£  air,  when,  if  neceffary,  he  might  defcend  again,  and  purfue  his  courfe. 

'      .  •  No. 
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No,  3. 

Experiments  made  to  prove  the  Nature  and  Ufe  of  a  Sub-marine  VeJfeL 

The  firft  experiment  I  made,  was  with  about  two  ounces  of  gun-powder,  which  t 
exploded  4  feet  under  water,  to  prove  to  fome  of  the  firft  perfonages  in  Connecticut, 
that  powder  would  take  fire  under  water. 

The  fecond  experiment  was  made  with  two  pounds  of  powder,  inclofed  in  a  wooden 
bottle,  and  fixed  under  a  hogflicacl,  with  a  two  inch  oak  plank  between  the  hogihead  and 
the  powder ;  the  hogfhead  was  loaded  with  (tones  as  deep  as  it  could  fwim  \  a  wooden 
pipe  defcending  through  the  lower  head  of  the  hogfliead,  and  through  the  plank,  .into  the 
powder  contained  in  the  bottle,  was  primed  with  powder.  A  match  put  to  the  priming, 
exploded  the  powder,  which  produced  a  very  great  effeft,  rending  the  plank  into  pieces ; 
demolilhing  the  hogihead  ;  and  calling  the  (tones  and  the  ruins  of  the  hogfliead,  with  a 
body  of  water,  many  feet  into  the  air,  to  the  aftonifhment  of  the  fpe&ators.  This  ex- 
periment was  likewife  made  for  the  fatisfa&ion  of  the  gentlemen  above-mentioned. 

I  afterwards  made  many  experiments  of  a  fimilar  nature,  fome  of  them  with  large 
quantities  of  powder ;  they  produced  very  violent  explofions,  much  more  than  fufficient  for 
any  purpofe  I  had  in  view. 

In  the  firft  eflays  with  the  fub-marine  veflcl,  I  took  care  to  prove  its  ftrength  to  fuftain 
the  great  prcflure  of  the  incumbent  water,  when  funk  deep,  before  I  trufted  any  perfon  to 
defcend  much  below  the  furface :  and  I  never  fuffcred  any  perfon  to  go  under  water, 
without  having  a  ftrong  piece  of  rigging  made  faft  to  it,  until  I  found  him  well  acquainted 
with  the  operations  neceflary  for  his  fafety.  After  that,  I  made  him  defcend  and  continue 
at  particular  depths,  without  rifing  or  finking,  row  by  the  compafs,  approach  a  veflcl,  go 
under  her,  and  fix  the  woodjerenv  mentioned  in  No.  2,  and  marked  A,  into  her  bottom, 
&c.  until  I  thought  him  fufficiently  expert  to  put  my  defign  into  execution. 

I  found,  agreeably  to  my  expe&ations,  that  it  required  many  trials  to  make  a  perfon  of 
common  ingenuity,  a  (kilful  operator:  the  firft  I  employed,  was  very  ingenious,  and 
made  himfelf  mafter  of  the  bufinefs,  but  was  taken  fick  in  the  campaign  of  1776,  at 
New-York,  before  he  had  an  opportunity  to  make  ufe  of  his  fkill,  and  never  recovered  his 
health  fufficiently,  afterwards. 

Experiments  made  with  a  Sub-marine  VeJfeL 

After  various  attempts  to  find  an  operator  to  my  wi(h,  I  fent  one  who  appeared  more 
expert  than  the  reft,  from  New- York,  to  a  50  gun  {hip  lying  not  far  from  Governor's 
lfland.  He  went  under  the  (hip,  and  attempted  to  fix  the  wooden  fcrew  into  her  bottom, 
but  (truck,  as  he  fuppofes,  a  bar  of  iron,  which  pafies  from  the  rudder  hinge,  and  is 
fpiked  under  the  (hip's  quarter.  Had  he  moved  a  few  inches,  which  he  might  have  done, 
without  rowing,  I  have  no  doubt  but  he  would  have  found  wood  where  he  might  have 
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fixed  the  fcrew  ;  or  if  the  {hip  were  flieathed  with  copper,  he  might  eafily  have  pierced  it : 
but  not  being  well  {killed  in  the  management  of  the  veffel,  in  attempting  to  move  to 
another  place,  he  loft  the  {hip  :  after  feeking  ber  in  Tain,  far  fame  time,  be  rowed  fome 
diftancc,  and  rofe  to  the  furfafe  of  the  water,  but  found  day  light  had  advanced  fo  far, 
that  he  dprft  not  renew  the  attempt.  He  fays  that  he  could  eafily  have  fattened  the  magazine 
under  the  ftem  of  the  {hip,  above  water,  as  he  rowed  up  to  the  (tern,  and  touched  it 
fiffore  he  defended.  Hafi  he  fattened  it  there,  the  explofion  of  one  hundred  gnd  fifty 
j>puqd$  cfi  powde^,  (the  quantity  contained  in  the  magazine),  muft  have  been  fatal  to  the 
ffr\\p>  In  hi?  return  from  the  {jiip  to  New- York,  h?  paffed  near  Governor's  Ifland,  and 
.fhpMgbt  he  was  difepveret}  by  the  enemy,  on  the  ifland;  bvnqg  in  hade  to  avoid  the  danger 
bfr  £p  ared>  he  cad  pff  the  n^agazine,  as  he  imagined  it  retarded  him  in  the  fwell,  which 
was  ycry  confidence.  i\fter  the  magazine  had  been  caft  off  one  hour,  the  time  the  in- 
ternal apparatus  was  fct  to  run,  it  blew  up  with  great  violence. 

Afterwards,  there  \rere  two  attempts  made  in  Hudfpn's  river,  above  the  city,  but  they 
effected  pothing.  One  of  them  was  by  the  ^fore-mentioned  pcrfon.  In  going  towards 
f^e  flup,  he  loft  fight  of  her,  and  went  a  great  didance  beyond  her :  when  he  at  length 
fotunfL  her,  the  tide  rap  fo  ftrong,  that  as  he  defcended  under  water,  for  the  {hip's 
bottom — it  fwept  him  away.  Soon  after  this,  the  enemy  went  up  the  river,  and  purfued 
the  boat  which  had^  the  fub-marine  veffel  on  board — and  funk  it  with  their  (hot.  Though 
I  aftCTW^d*  recovered  tl\e  veflel>  I  fo^nd  it  impoffible,  at  that  time,  to  profecufe  the 
(jleJi^n  any  farther.  I  had  been  in  a  tad  ftate  of  health,  from  the  beginning  of  my  under* 
taking*  anfl  was  now  very  unwell ;  the  Situation  of  public  affairs  was  fuch,  that  I  defpaired 
$f  obtaining  the  public  attention,  and  the  affi dance  neceffary.  I  was  unable  to  fupport 
myfel&  and  the  pcrfons  I  mud  have  employed,  had  I  proceeded.  Befidcs,  I  found  it 
abfolutely  neceffary,  that  the  operators  fliould  acquire  more  (kill  in  the  management  of  the 
veffel,  before  I  could  expeft  fucccfe ;  which  would  have  taken  up  fome  time,  and  made 
qo  fmall  additional  cxpence.  I  therefore  gave  over  the  purfuit  for  that  time,  and  waited 
for  a  more  favorable  opportunity,  which  never  arrived. 

'  Other  Experiments  made  with  a  Defign  to  fare  Shipping. 

In  the  year  1777,  I  made  an  attempt  from  a  whale-boat,  againft  the  Cerberus  frigate, 
then  lying  at  anchor  between  Connecticut  river  and  New  London,  by  drawing  a  machine 
againft  her  fide,  by  means,  of  a  line.  The  ipaqhipe  was  loaded  with  powder,  to  be  ex- 
ploded by  a  gun-lock,  which  was  to  be  unpinioned  by  an  apparatus,  to  be  turned  by 
being  brought  along  fide  of  the  frigate.  This  machine  fell  in  with  a  fchooner  at  anchor, 
aftern  of  the  frigate,  and  concealed  from  my  fight.  By  fome  means  or  other,  it  was  fired, 
and  demolifhed  the  fchooner  and  three  men— -and  blew  the  only  one  left  alive,  overboard, 
who  was  taken  up  very  much  hurt. 

After  this,  I  fixed  feveral  kegs,  under  water,  charged  wqk  powder,  to  explode  upon 

\pi{ching  any  thing,  as  they  floated  along  with  the  tide :  I  fet  ifcem  afloat  in  the  Delaware, 
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above  the  Englifli  (hipping  at  Philadelphia,  in  December,  1777.  iVas  unacquainted  with 
the  river,  and  obliged  to  depend  upon  a  gentleman  very  imperfe&Iy  acquainted  with  that 
part  of  it,  as  I  afterwards  found.  We  went  as  near  the  (hipping  as  he  durft  venture ;  I 
believe  the  darknefs  of  die  night  greatly  deceived  him,  as  it  did  me.  We  fet  them  adrift, 
to  fall  with  the  ebb,  upon  the  (hipping.  Had  we  been  witfcin  fixty  rods,  t  believe  they 
mud  have  fallen  in  with  them  immediately,  as  I  defigned  ;  but  as  I  afterwards  found,  they 
were  fet  adrift  much  too  far  diftant,  and  did  not  atrive,  until  after  being  detained  fome 
time  by  froft,  they  advanced  in  the  day  time,  in  a  difperfed  fituation,  and  under  great 
disadvantages.  One  of  them  blew  up  a  boat,  with  feveral  perfons  in  it,  who  imprudently 
handled  it  too  freely,  and  thus  gave  the  Britifh  that  alarm,  which  brought  on  the  battlt  of 
the  kegs. 

The  above  veffel,  magazine,  &c.  were  proje&ed  in  the  year  177*,  but  ndt  COfli^etfedV 
until  the  year  1775. 

D.  BtJSHNELL. 
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QueJHm  re/pcSlwg  the  Purification  of  Copper  for  alloying  Gold.    By  X.  Y. 

To  Mr.  NICHOLSON. 

SIR, 

NeTVcaftle-ttpot-Tynty  Feb.  18,  i8oo»f 

X  BEG  lefcvc,  through  the  medium  of  ybtir  valuable  publication,  to-  requeft  the  favour  of 
any  of  your  correfpondents  to  inform  me  of  the  belt  method  df  obtaining  copper  in  its 
iitmoft  date  of  purity,  and  fit  for  alloy ixlg  gold  without  occafioning  that  brittlcnefs  which 
always  arlfes  from  ufiitg  copper,  evCn  of  the  fined;  kind  ufuafly  obtained  in  commerce. 
The  dtfttility  of  the  gold  may  be  reftored  by  fubfedjudnt  fuflons,  but  this  occafion$  con* 
fidferablc  lofs  and  difappoiritmerit  to  the  workman,  which  do  dot  happen  when  the  copper 
iff  peTfeflly  refined.  I  have  looked  into  feveral  chemical  works,  but  without  obtaining 
the  fati&fa£tion  I  want',  nor  would  I  be  fo  felicitous  about  this  information,  could  I,  at 
any  tittle,  procure 'copper  fit  fbr  this  purpofe. 

I  am,  SIR, 


X' 


Yout's,  &c. 

X;Y. 

Hha  On 
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On  the  Art  of  Hat  making.    Supplementary  Letter.    By  N.  L, 


To  Mr.  NICHOLSON. 
S  I  R, 


Nevicaftle,  Febl  14,  1800. 


I 


SHALL  think  myfclf  particularly  obliged  to  you  if  you  will  allow  me,  through  the 
medium  of  your  Journal,  to  correft  a  very  great  error  in  the  arrangement  of  the  laft  paper 
of  mine  you  printed,  in  your  Number  for  May  laft :  as  it  is  placed  at  prefent,  it  may  be 
produ&ive  of  great  miftakes,  and  as  it  will  take  up  little  room  in  your  Journal,  the  in- 
convenience will  not  be  great.  The  following  is  the  proper  arrangements,  fee  parts  of 
pages  74,  75,  76,  vol.  iii.  The  journeymen  tell  me,  that  the  dregs  are  to  hold  or  fill 
the  body,  whilft  a  little  vitriol  cleanfes  it  of  the  dirt,  &c.  that  may  be  on  the  rabbit  or 
other  wool;  too  much  vitriol  would  make  the  whole  that  was  weighed  out  to  the 
journeymen  work  into  the  hats,  but  by  the  mutual  aftion  of  the  vitriol  and  the  dregs, 
the  quantity  of  the  firft  being  fmall,  about  a  wine  glafsfull,  the  dirt  and  the  ftrong  hairs 
get  purged  out  (the  laft  from  the  (hrinking  in  being  flow,  as  well  as  their  being  ftraight ; 
for  was  the  leflening  of  the  fize  at  plank  rapid,  they  would,  in  defiance  of  their  ftraight- 
nefs,  get  entangled,  and  even  as  it  is,  they  are  flightly  fo ;  but  care  is  taken  to  get  them 
out  by  rubbing  the  body  of  the  hat  well  with  the  hand  in  a  circular  manner)  whilft,  at  the 
fame  time,  the  dregs  keep  the  hats  plump.  Another  advantage  attending  the  ufe  of  dregs, 
whether  of  beer,  porter,  or  wine,  is  that  as  the  boiling  in  the  dregs  does  not  draw  out 
much  of  the  mucilage  from  each  hat,  when  they  come  to  be  ftiffened  the  dregs  form  a 
body  within  the  hat  fufEciemly  ftrong  or  retentive  to  keep  the  glew  from  coming  through 
among  ft  the  nap:  vitriol  alone  would  purge  or  weaken  the  hats  too  much,  confequently, 
half  the  quantity  does  better  with  the  addition  of  dregs,  and  they  difallow  the  body  to  be 
clofcr  from  its  getting  more  work  :  many  journeymen,  however,  to  hurry  this  part  of  the 
procefs,  ufe  a  quantity  of  vitriol,  and  open  the  body  again  by  throwing  in  a  handfull  or 
two  of  oatmeal ;  by  this  means  they  get  a  great  many  made,  though  at  the  fanie  time  they 
are  left  quite  grainy  froth  the  want  of  labour.  This,  in  handling  the  dry  grey  hat,  when 
made,  may  be  in  part  difcovered,  but  in  part  only  >  in  wearing  the  effe&  is  fliining  fpots, 
as  if  of  greafe,  but  is,  in  reality,  the  glew  lodging  upon  the  grainy  parts.  This  error  in 
arrangement  I  had  not  difcovered  until  I  read  the  account  of  hat  making,  extra&ed  from 
your  Journal,  in  the  fupplement  to  the  Encyclopedia  Britannica  publiflied  lately  :  I  would 
firft  beg  leave  to  add,  that  it  was  not  that  Encyclopedia  alone  that  I  meant  to  charge  with 

giving 


Invention  of  the  Pendulum  or  Balance  Spring*  tn? 

giving-  a  wrong  account  of  the  bufinefs  in  que/Hon,  but  all  the  others,  as  Perthenfis%  Londi- 
nenfis.  It  becomes  neceflary  to  mention  this,  from  the  manner  in  which  the  condudor  of 
the  fupplement  to  the  Encyclopedia  Britannica  has  introduced  the  fubjeft  in  queftion. 

Believe  me, 

With  great  refpedt, 

Your's,  &c. 

N.L.» 
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On  the  Inventions  of  Robert  HookeJot  regulating  Time  Pieces.    By  a  CorrefponienU 

To  Mr.  NICHOLSON. 

S  I  R, 

London^  July  15,  i8oo». 


N  that  fcarce  publication  of  the  famous  Robert  Hooke,  entitled  "  A  Defcription  of 
fieliofcopes  and  fome  other  Inftruments,"  printed  in  quarto,  for  Robert  Martyn,  printer  to 
the  Royal  Society,  1676,  I  obferve  (beGdes  the  heliofcopes  by  repeated  reflexions  of  the 
folar  light,  and  the  univerfal  joint  at  prefent  fo  well  known  and  efteemed)  a  poftfeript 
refpe&ing  the  regulation  of  time  pieces  by  a  fpring,  of  which  I  fend  you  an  abftraft,  in 
hopes  that  fome  of  your  ingenious  readers  will  inform  the  world,  whether  any  farther 
difclofure  was  ever  made  of  the  fubjeft  there  hinted  at ;  and  alfo  that  fome  of  your  cor- 
refpondents,  who  underftand  the  univerfal  and  real  character  of  Bifhop  Wilkins,  will 
tranflate  the  communication  of  which  I  fend  you  a  faithful  copy.  It  feems  to  me  as  if  this 
wonderful  man  had  been  well  acquainted  with  all  that  has  fince  appeared  as  the  particular 
difceveries  of  individuals  during  the  laft  century. 

The  author  firft  vindicates  his  title  to  the  invention  of  what  is  now  called  the  pendulum 
fpring,  contrived  by  him  in  1658,  and  made  the  fubje&  of  a  treaty  between  himfelf  and 
fome  men  of  fortune,  in  1660,  which  broke  off  upon  their  infilling  that  he  fhould  have  no 
(hare  in  fuch  improvements  as  might  be  afterwards  made  on  his  principles.  They  allured 
him  that  his  invention  would  be  difcovered  by  others  in  fix  months,  to  which  he 
anfwered,~he  would  give  the  world  feven  years ;  and  he  remarks,  that  more  than  fourteen* 
had  elapfed  without  that  effett  taking  place. 

In  1664,  at  the  earneft  entreaty  of  a  friend,  the  doftor  read  feveral  of  his  firft  Cudereact 
le&ures  on  the  fubjeft  of  time  pieces,  and  (hewed  the  ground  and  reafon  of  the  applications 
of  fprings  to  the  balance  of  a  watch  for  regulating  its  motion,  as  the  fame  time  that  he 

•  I  am  forry  that  this  letter  having  been  miflaid,  renders  it  heceflary  to  apologize  to  fo  valuable  a  cor- 
respondent* 
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explained  above  twenty,  feverat  methods  of  application,  and  how  the  vibrations'  might  be  fo 
regulated  as  to  make  their  durations  either  all  equal,  or  the  greater  flower  or  quicker  than    - 
the  lefs,  and  that  in  any  proportion  affigned.    Softie  of  thefe  ways  were  applicable   to 
lefler  vibrations;  others  to  greater,  as  of  2,  3,  4, -6,  or  what  number  of  revolutions 
were  deGred ;  the  models  of  which  he  produced  in  the  lecture. 

As  his  poftfeript  is  directed  in  controverfy  againft  Mr.  Oldenburg,  the  writer  of  the 
Philosophical  Tranfadtions,  and  in  part  againft  M.  Huyghens,  who  adopted  the  pendulum 
fpring,  and  has  defcribed  Hooke's  circular  pendulum  to  clocks  in  his  book  de  Horologio 
Ofclllatorio,  without  mentioning  the  inventor:  it  contains  fome  matters  of  proof  and 
animadverGon,  into  which  I  have  no*  prefent  intereft  to  enter ;  but  conclude  with  quoting 
his  own  words  refpefting  the  copy  I  fend  you,  begging  leave  to  enter  my  humble  proteft 
agaihft  the  injunction  of  fecrceyy  which  a  fenfe  of  undeferved  injury  may,  perhaps,  have 
extorted  from  this  great  man  (page  30.) 

"  I  (hall  conclude  this  tract  with  a  (horr  camnvunicatron  of  the  general  ground  of  my 
u  invention  for  pocket  watches ,  the  number  of  particular  ways  being  very  great,  which  (that 
c<  the  true  lovers  of  art,  and  they  only  may  have  the  benefit  of)  I  have  fct  down  in  the 
"univerfal  and  real  character  of  the  late  reverend  prelate  my  honoured*  friend  Dr.  John 
"  Wilkins,  lord  bifliop  of  Chefter,  deceafetfc  Fft  which  1  cotald  wifli  all  things  of  this 
"  nature  were  communicated,  it  being  a  character  and  language  (6  truly  phflofophical, 
li  and  fo  perfectly  and  thoroughly  methodical*  that  there  foiftteth  to  be  nothings  wanting  to 
cc  make  it  have  the  utmoft  perfection,  and  higheft  idea-  of  any  character  imaginable,  at 
"  well  for  philofophical  as  for  cowmon  and-,  confftatit  fcfe.-  And  I  ha*6  tfrfc  farther  to 
u  defire  of  my  reader,-  who  will  be  at  the  pains  to  decipher  and  Uttde^ftatid  this  dtferip^ 
<(  tion,  that  he  would  only  make*  ufe  of  it  for  hitf  own  iriformado^a^d  rtdt  oofitmtmtcatb 
u  the  explication  thereof  to  any,  that  hath  not  Had  the  fame  curiofity  with  himfdfc" 
Scd  Plate  X. 

"  This  I  do  not  fo  much  to  hinder  the  fjfreatfhig  of  this  defcription  here  delivered;  as 
"  to  revive,  and,  if  poflible,  bring  into  ufe  and'prafiife  that  excellent  defign:  it  being: a 
tt  character  and  language  perfectly  frefe  fnmi  all  irtarmer  of  anftiguity,-  an*  yet  the  mod 
"  copious,  expreilive,  and  flgnificativej  of  any  thing  or  nation  imaginable,  and  wftidk 
*'  recommends  it  molt  to  common  ufe,  the~  moft  eafjr  to  b*  ufldeiitobd'atfd  learnt  in  -the 
"world*." 

I  am, 

SIR, 

Your  obliged  reader, 

MM.     - 

1 

•  For  fome  account  of  fciflibp  WjIkmtV&ddfcfce  ©uY  J6ufltol,  If.  jfi«"ff.' 
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ARTICLE    I. 

Experiments  And  Obfervations  made  with  the  newly  di/covered  Metallic  Pile  of  Sig*  Volt  a. 

By  Lieut.  Cil.  Hehr  y  H alb ane.    With  Remarks  by  W.  N. 


1 


MMEDI ATELY  after  the  publication  of  the  procefs  of  Signor  Volta  in  a  morning 
paper  *,  Col.  Haldane,  whofe  zeal  in  the  profecution  of  philofophical  operation  is  well 
known,  conftru&ed  an  apparatus,  and  made  a  feries  of  experiments  for  the  purpofe  of 
analyfing  the  pile  itfelf,  as  well  as  the  nature  of  its  effe&s,  of  which  he  had  the  goodnefs 
to  favor  me  with  an  account.  But  as  thefe  inveftigations,  though  undoubtedly  poflcffing 
the  merit  of  originality,  as  far  as  relates. to  the  fcientific  acutenefs  of  their  author,  were  in 
fome  refpeds  the  fame  as  others  then  unknown  to  him,  but  pofleffing  priority  in  point  of 
aftualdate,  I  poftponed  the  public  notice  of  his  communication,  till  it  (hould  have  the 
advantage  of  his  revifal,  after  perufing  the  contents  of  my  laft  paper.  The  fame  motives 
at  prefent  lead  me  to  give  an  account  of  the  new  fa&s,  with  a  few  remarks  relative  to  the 
theory,  of  which  we  are  much  in  want  to  direft  our  future  operations. 

*  Paragraph  in  the  Morning  Chronicle  of  May  30,  1S00,  giving  an  inaccurate  account  of  the  hiftory  of 
the  invention,  and  defcribing  the  general  effe&s  as  exhibited  by  Dr.  Garnet  in  the  lefture  at  the  Royal 
Institution.  ' 

. .  Vol*  IV»— September  1800.  I  i  Col. 


&4*  On  ike  EffeSs  tf  the  Galvanic  Sheet. 

.  Col.  Haldanc's  apparatus  confided  of  forty,  half  crowns*  with  an  equal  number  of  pieces  of 
zinc,  and  39  cards,  which  were  wetted  with  pure  water.  They  were  placed  horizontally 
on  a  table,  and  the  experiment  of  decompoGng  water  by  two  copper  wires,  was  repeated 
and.  defcribed  with  minute  accuracy. 

He  did  not  receive  a  (hock  with  wetted  hands,  nor  fee  any  light  when  the  tongue  formed 
one  of  the  extremes  of.  the  circuit;  but  his  fon  was  (truck  with  this  lad  appearance. 
Neither  did  his  apparatus  affeft  the  ele&ronfeter  of  Benntr,  nor  my  fpining  inftrumenf . 
When  a  -Tewing  needle  was  pa  fled  beneath  the  (kin  of  a  finger  of  one  hand,  and  another 
needle  inferted  in  like  manner  in  the  other  hand,  and  thefe  were  made  the  extremities  of 
the  circuit,  a  (harp  irritation  was  felt  at  the  wounded  parts,  with  a  convul five  fen fation, 
extending  to  the  fhoulders,  and  even  the  peck*  But  tljis.  4W,  not  rcfembie  the  cl?£tri$ 
(hock,  being  more  unpleafant,  and  of  longer  duration. 

The  decompofition  of  water  by  filver,  and  by  gold  wires,  was  attended  with  phenomena 
fimilar  to  thofe  defcribed  in  our  former  numbers.     The  gold  wire  fuffered  decompofition. 

In  the  examination  of  the  pile,  he  found  its  power  diminiflied  by  diminifhing  the  num- 
ber of  pieces  ;  that  it  would  not  a£t  if  either  of  the  three  plates  were  omitted ;  that  tinfoil 
inftead  of  filver  a&ed  tolerably  well ;  and  that  leather  was  preferable  to  card. 

When  the  apparatus  was  immerfed  in  water,  its  a&ion  was  intirely  fufpended ;  but  upon 
taking  it  out  and  wiping  the  external  fuxfacc,  without  feptrating  the  parts,  it  a£ted  as  well 
as  before.  Hence  I  am  difpofed  to  conclude,  that  the  power  of  the  Colonel's  apparatus 
was  confiderably  impaired  by  his  placing  them  horizontally,  which  mud  have  favored  the 
efflux  of  water  from  the  cards,  and  thence  between  the  faces  of  the  zinc  and  filver :  whence 
his  failure  in  the  (hock  and  ele&ric  figx\s.  For  the  .upright  pile  is  certainly  much  ftronger 
than  a  pile  which  has  been  immerfed  in  water  and  thjen  wiped, 

The  apparatus  ^as  fufpended  in  the  receiver  of  an  air  pump,  which  was  then  exhaufted 
of  air,  till  the  mercury  in  the  gage  (lood  at  half  an  inch*  The  decompofition  of  water  ife 
a  tube  with  copper  wires,  did  not  proceed  during  this  ftate,  but  was  renewed  when  the  air 
was  let  in. 

This  author  has  tried  combinations  of  the  various  metals,  and  finds  that  zinc  vtrill  aft 
with  gold,  tin,  Jfcad,  iron,  and  copper-,  that  iron  will  a£t  with  the  fame,  metals,  as  wilt 
alfo  lead,  though  feebly.  But  no  other  combinations  of  thefe  metals  would  anfwer,  except 
that  tin  and  gold  afforded  a  very  faint  cloud  in  the  water.  When  irdn  and  filver  were  ufed> 
the  oxidation  took  place  at  the  wire  conne&ed  with  the  iron,  and  tfie  gas  flowed  from  that 
conne&ed  with  the  filver  j  but  the  contrary  happened  when  zinc  arid  iron  were;  ufed,  which 
a&ed  very  powerfully,  as  in  tBis  cafe  the  iron  corineaion  afforded  the  gas.  And  he  con* 
fiders  it  as  worthy  of  remark,  that  the  oxide  .of  copper  wire  depofited  inthp  tube  was  of  a 
dufey  coloured  green,  different  from  that  produced  by  the  apparatus  of  zinc  and  filver,  a*\ 
If  fome  parts  of  the  metals  compofing  ,the  apparatus  fa?d  entered  into  <the  -cumulation,  and  \ 
afo&ed  the  colour  of  the  oxide.  This  ohfewatitm  is  undoubtedly  very  xmrious,  and  de- 
ferves  to  be  purfued ;  but  I  ihould  be  inclined  to  fuppofe,  that  the  degree  of  o*idatio» 
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in  this  procefe  would  vary  with  the  intenfity  of  the  leading  agent,  as  well  a*,  thofe  in  which 
the  fpeed  of  the  «fc£l  it  governed  by  heat,  dilution,  &c.  . 

With  an  increafed  pile,  placed  in  a  vertical  pofition,  Col.  HL  obtained  very  weak  fignsof 
ele&ricity.  He  conneAed  the  apparatus  with  the  condu&or  of  an  de£irical  machine,  and 
found  the  effeft  rather  impeded  than  affifted  by  the  common  elc&ric  ftream.  He  placed, 
the  plate  of  Bennet*8  ele&rometer  in  the  circuit  without  producing  eicftric  figns. 
He  found  that  the  galvanic  apparatus  placed  between  the  outfide  and  infide  of  a  jar  pre- 
vented its  charging,  and  that  it  is  alfo  capable  of  Conducting  the  charge,  though  not 
rapidly :  and  on  the  whole,  from  the  very  minute  exhibition  of  the  attcaftive  and  repellent 
powers,  while  the  caufticity,  the  (hock,  and  the  oxidation,  are  fo  very  powerful,  he 
cannot  be  perfnaded  that  eleftricity,  is  the  principal  agent,  though  fonac  might  he 
generated,  or  difengaged  during  the  operation  of  the  apparatus. 


Before  I  attempt  to  give  a  numerical  elucidation  of  the  phenomena,  I  (hall  take  the 
liberty  to  remark,  I.  that  Col.  Haldane's  ele&ric  ftream  through  the  apparatus  might  hare 
-been  in  the  contrary  dire&iftn  to  its  own  ftream;  2.  that  the  current  from  an  cle&rical 
machine  may  be  incomparably  lefe  in  quantity  than  that  produced  by  the  metals ;  3.  that 
the  experiment  with  the  cap  of  Bennet's  electrometer  was  not  arranged  fo  as  to  direct  the 
fuppofed  current  through  the  leaves';  4.  that  the  pile  malt  in-  any  hypothefis  prevent  ajar 
from  being  charged  higher  than  itfelf)  j.  that  Mfo»  Cruickfhank,  of  Woolwich,  has 
charged  a  large  jar,  fo  as  to  give  a  (hock,  merely  by  placing  the  pile  between  its  coatings; 
and,  6*  Jaftly,  whatever  may  be  wanting  in  intenfity  of  ele&ric  force  (upon  which  the 
ffigns  depend)  may  be  made  up  by  quantity.  Whether  the  quantity  be,  indeed,  fufficient  to 
account  for  what  happens,  muft  be  deduced  from  the  fadts.  I  am  aware  of  the  great 
difficulties  which  oppofe  themfelves  to  our  refearches  into  the  laws  by  which  the  elec- 
tric fluid  is  governed*  All  the  -experiments  hitherto  made,  including  a  confiderable 
number  which  have  employed  much  of  my  time!  but  are  ftill  too  incomplete  for  publica- 
tion, are  too  few  and  too  limited  to  ferve  as  the  grounds  for  computation,  or  to  be  ex- 
tended from  that  intenfity  which  affords  a  fpark  pf  more  than  a  foot  in  length,  to  thofe 
•minute  variations  of  electrical  powqr  which  are  menfurabk  by  fparks  too  fhort  to  become 
the  obje&  of  our  fenfes,  In  the  following  lines,  therefore,  when  I  confidci  the  galvanic 
phenomena,  it  is  fimply  my  wi(h  to  fliew  that  they  are  not  inconfiftent  with  deductions 
rnajle  from  the  -prefent  ftaCe  of  our  knowledge,  though  the  quantities,  upon  future  and 
more  ftri&fc  examination,  may  turn  out  to  be  very  different  from  what  are  here  exhibited. 

The  apparatus  of  Volta  may  be  compared  with  the  common  Leyden  jar,  if  we  extend 
"by  analogy  the  experiments  of  4CaVettdi(h  to  all  fnrfaces  and  intenfnies.  For  (hocks  nearly 
equal  will  be  given  when  the  quantities  of  coated  furface  (or  cledtrical  capacity)  are  dire£Uy 
.sp  the  fquares  of  the  quantities  of  elettrtcity,  or  iuverfely  as  the  fquares  of  the  lengths  of 
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the  (park #.  But  it  is  the  character  of  cle&ric  (hocks  which  are  felt  to  equal  diftancet 
from  the  extremities  of  the  animal,  that  thofe  which  are  produced  by  a  fmall  quantity  of 
electricity  at  a  high  intenfity,  produce  a  fudden  and  more  tranfient  fenfation  than  thofe 
which  are  produced  by  a  large  quantity  of  electricity  at  a  low  intenfity,  and,  thcrefore> 
probably  moving  more  (lowly. 

From  this  lad  circumftance  I  found  it  very  difficult  to  take  a  (hock  from  one  fquare 
foot  of  coated  glafs  which  fliould  much  referable  the  galvanic  (hock.  When  the  jar*  was 
charged  to  give  an  explofive  fpark  of  one-twentieth  of  an  inch,  the  (hock  extended  above 
the  elbows  not  quite  fo  far  as  that  from  a  pile  of  100  half  crowns  >  but  the  pain  was  much 
more  fudden,  (harp  and  tranfient*  The  denfe  galvanic  (hock  feemed  to  fill  the  limb* 
producing  univerfal  perfpiration,  and  leaving  a  difpofition  to  tremor  and  unfteadinefs  in 
the  parts  through  which  it  had  pafled.  When  the  explofion  of  the  jar  meafured  only 
one- fortieth  of  an  inch,  the  (hock  (till  proved  to  be  more  unpleafant  at  the  inftant  than  that 
of  any  of  the  piles  I  have  tried,  though  it  did  not  extend  quite  to  the  elbows,  and  may  be 
confidered  as  equal  in  thi3  refpeft  to  the  fet  of  which  the  ele&ricity  was  tried  by  the  con* 
denfer,  as  defcribed  at  page  184  of  our  prefent  volume.  I  (hall,  therefore,  take  this  as 
one  term  of  comparifon.  Another  experiment  was  wanting  to  determine  the  length  of 
the  fpark  anfwering  to  the  intenfity  at  which  the  gold  leaf  of  Bcnnet's  electrometer  ftrikes 
its  coatings.  For  this  purpofe  I  took  two  equal  electrical  jars,  and  charged  one  of  them, 
fo  as  to  give  an  explofive  fpark  one-thirtieth  of  an  inch  in  length.  In  this  fituation  the 
charged  jar  was  made  to  communicate  with  the  other  in  the  fame  manner  as  jars  in  a  bat- 
tery at  top  and  bottom.  It  was  then  removed ;  having,  in  fatt,  loft  half  its  charge. 
The  receiving  jar  was  in  the  next  place  difcharged,  and  a  connexion  again  made  as  before* 
This  fecond  procefs  reduced  the  original  charge  to  one- fourth/  A  third  reiteration  re- 
duced it  to  one-eighth  ;  and  it  may  eafily  be  conceived  that  by  continuing  the  geometrical 
feries,  it  was  in  my  power  to  reduce'  my  charge  very  much  indeed.  After  feven  touches 
the  jar  ftill  caufed  the  leaves  to  diverge  nearly  to  their  greateft  extent,  and  in  fome 
repetitions  of  the  experiment  the  leaves  ft  ruck.  The  electricity  in  this  cafe  was  reduced 
to  Tri  part,  and,  confequentfy,  would  have  afforded  a  fpark  of  T4rr  of  *fa  or  about  j^v 
of  an  inch  f.  We  may,  therefore,  take  it  as  a  rule,  that  Bennet's  electrometer,  at  the 
higheft  ftate  of  electricity,  had  this  intenfity; 

But  we  are  to  compare  this  intenfity  with  another  dill  tower.  The  (ilk  face  of  the  con* 
denfer,  ufed  with  the  galvanic  pile  in  the  experiments  referred  to,  is  about  one-fiftieth 
of  an  inch  thick,  and  the  leaves  (truck  when  the  plate  was  raifed  about  half  an  inch ;  the 
diftance  being  thus  increafed  twenty- five  times.    The  eledric  intenfity,  or  explofive  fpark 

*  The  Hon.  Hen.  Carendifh,  Efq.  found  that  four  jars  of  the  (arae  fat  and  thicknefa  gave  nearly  the 
fame,  or  rather  a  greater,  (hock  than  one  of  them  charged  with  half  the  quantity  of  electricity.  Phih>£ 
Tran£  LXVI.  196. 

•J-  The  length,  of  the  fpark  being  as  the  quantity  of  eJeftricity  ceteris  paribus  in  moderate  intenfitics* 
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of  the  condenfer,  which  was  the  fame  as  that  of  the  pile  itfelf,  was,  therefore,  fo  many 
times*  lef8  than  that  of  the  ele&rometer 5  that  is  to  fay,  its  fpark  was  T'T  x  y^? 
=  TTW5.°f  an  inch* 

Our  jar  of  one  foot  furface,  with  its  fpark  of  ^  of  an  inch,  having  produced  the  fame 
(hock  as  the  pile  with  this  fpark  of  7  3^0  of  an  inch,  the  furface  of  coated  glafs  of  the 
fame  thieknefs  as  the  jar,  and  equivalent  in  capacity  to  the  galvanic  pile,  mud  be  as  the 
fquare  of  7V  t0  the  fquare  of    77777?  >   that  is  as   1   to  3!  millions  nearly.    Such 
therefore,  according  to  this  method  of  computing*  appears  to  be  the  capacity  of  the 
galvanic  pile,  fo  prodigioufly  exceeding  the  largeft  batteries  ever  yet  conftru&ed.    But 
.on  the  other  hand,  its  intenfity  being  fo  very  low,  the  (hock  may  be  confidered  as  if  pro* 
duced  much  more  by  the  mafs  or  quantity  of  ele&ricity,  than  by  its  velocity  of  motion. 
Now  the  quantities  of  ele&ricity  affording  equal  {hocks,  according  to  the  preceding  con- 
ditions and  do&rine*  are  inverfely  as  the  intenfities,  or  in  our  cafe  as  40  to  75000,  or 
1  to  187$,  and  our  jar  might  have  exploded  about  10  times  by  each  turn  of  a  good 
ele&rical  machine.     The  large  battery  of  3^  millions  of  feet  would,  confequently,  have 
.required  187  turns  to  charge  it  to  the  low  galvanic  intenfity  y  and  as  the  pile  was  found 
,to  charge  itfelf  in  two  feconds,  which  is  very  nearly  the  time  required  for  each  turn  of 
a  24  inch  ( (ingle)  plate  machine,  we  may  aflert  that  the  produ&ion,  or  extrication,  of  elec- 
tricity in  a  fmall  apparatus  of  this  kind  is  almoft  two  hundred  times  as  rapid  as  that  which 
can  be  obtained  by  friftion  by  the  labour  of  one  man* 

I  cannot  forbear  adverting  again  to  the  novelty,  of  the  field  of  refearch  in  which  I  have 
thus  ventured  to  fpeculate.  We  may  reafonably  hope  that  the  difcoveries  to  which  this 
new  exhibition  of  the  joint  a£tions  of  chemiitry  and  electricity  may  lead  us,  will  (hew 
other  powers  and  energies  of  what  is  called. the  eleftrical  fluid*  and  induce  us  to  reje&  with 
gladnefs  the  imperfeft  theories  afforded  by  our  prefent  knowledge  of  the  fubjeft  f. 


Jtcount  of  a  Series  of  Experiments^  undertaken  with  the  View  of  decompofing  the  Muriatic 

Acid.    By  Mr.  Wuljam  Henry. 

(Concluded  from,  page  214.) 


A 


GREAT  variety  of  fimilar  experiments  convinced  me,  that  by  elc&rifying,  together 
the  carbonated  hydrogenous  and  muriatic  gafes,  not  the  {mailed  progrefs  was  made  towards 
the  decompofition  of  the  latter.     All  that  was  thus  effe&ed,  confided  in.  the  decompofition 

•  The  charge  at  equal  intenfities  is  inverfely  at  the  thickneft,  at  determined  by  Mr*  Cavendith  in  tico 
citmtt.    In  extreme  cafes ,  however,  I  find  that  the  charge  follows  a  higher  ratio. 

f  I  have  fince  been  favoured  with  another  communication  from  Col.  Haldane>  which  I  am  obliged;*) 
defer  to  our  next* 

Ofc 
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WF  the  wateir  of  the  two  gafes,  by  the  carbon  of  the  combuftibie  gas ;  and,  when  this  was 
completely  accoitopli(hed,  no  further  effe&  enfued  from  continuing  the  ele&rization*  The 
generation  of  carbonic  acid  was  proved,  by  the  following  experiment. 

Exper.  14.  To  a  mixture  of  carbonated  hydrogen  and  muriatic  gafes,  after  having 
received  above  100  (hocks,  a  drop  of  water  was  admitted,  which  abforbed  the  muriatic 
acid.  The  liquid  was  then  taken  up  by  blotting-paper;  and  the  refiduary  gas,  being 
transferred  into  another  tube,  was  brought  into  conta&  with  a  folution  of  pure  barytic 
earth.    The  precipitation  of  this  folution,  evinced  the  prefence  of  carbolic  acid. 

It  was  defirable,  however,  that  the  effe&a  (hould  be  afcertained,  of  ele&rifying  together 
pure  muriatic  acid  and  pure  carbonated  hydrogenous  gas,  both  perfe£Uy  free  from  water. 
Now1,  from  the  experiments  related  in  the  firft  fe&ion,  it  appears  highly  probable,  that 
a  complete  purification  from  moifture  is  produced,  in  both  gafes,  by  the  a&ion  of 
"the  ele&ric  fluid ;  all  the  water  they  before  contained  being  thus  decompofed.  In  the 
following  experiments,  therefore,  the .  two  gafes  were  feparately  elo&rified,  before  they 
Were  fubmitted  to  this  procefs  conjointly. 

Exper.  15.  To  a  portion  of  muriatic  acid,  diminifhed  by  the  a&ion  of  ele&ricity  from 
144  to  121  meafures,  27  meafures  of  carbonated  hydrogenous  gas,  expanded  as  far  as 
poffible,  were  added,  and  200  (hocks  pafled  through  the  mixture.  The  addition  of  per- 
manent gas  amounted  to  14  meafures ;  10  of  which  may  be  traced  to  the  muriatic  acid, 
and  were  evolved  by  its  feparate  cle&rizafion.  The  remaining  4  meafures*  which  remain 
to  be  accounted  for,  are  too  (mall  a  quantity  to  be  afcribed  to  the  decompofition  of 
the  acid. 

Exper.  16.  To  a  quantity  of  carbonated  hydrogenous  gas,  which  had  received  400 
ftibcks,  and  occupied  the  fpace  of  212  meafures,  I  added  232  of  muriatic  acid,  through 
which  200  (hocks  had  previoufly  been  pafled.  The  ele£trization  of  the  mixture  was  next 
continued,  till  800  difcharges  had  taken  place.  On  examining  the  mixture  of  gafes^ 
during  this  operation,  no  change  whatever  took  place ;  and,  after  its  -clofe,  no  more 
muriatic  acid  had  difappeared,  than  would  have  been  deficient  after  the  firft  ele&rization  % 
nor  w.as  there,,  any  further  produ&ion  of  permanent  gas.         » 

Exper.  17.  The  fame  refult  was  obtained,  by  eleSrifying  together  280  measures  of 
carbonated  hydrogenous  gas,  previoufly  expanded  by  600  (hocks,  and  114  of  muriatic 
acid,  after  400  (hocks.  The  additional  difcharrge,  through  this  mixture,  of  1000  (hocks, 
did  not  evince  the  fmalleft  progrefs  towards  the  decompofition  of  the  muriatic  acid. 

Exper.  18.  fa  the  naturally  mofft  fljate  of  thefe  gafes,  it  follows,  from  the  14th  ex- 
'-ptthrrtnty  that  carbonic  acid  is  prbdtxced  by  eleftrifyingthem  in  conjun&ion.  It  appeared 
io  "me  of  fome  importance  to  afcertain  whether,  after  a  previous  decompofition  of  *He?r 
moifture,  carbonic  acid  would  continue  to  be  generated.  But  the  electrified  carbonated 
hydrogenous  gas  itfelf  contains  carboftic  acid,  which,  Unlefs  remdved,  would  refiderithc 
refult  of  the  experiment  undecifive.  This  was  aecohipliflledby  pafling  up,  to  a  pottroh  of 
eleftrified  gas,  a  bubble  or  two  of  dry ,  ammoniacal  gas,  which,  uniting  with  the  carbonic 
4,  acid. 
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acid,  would  condtnk  any  portion  of  it  that  might  be  prefent.  The  remainder  .was 
transferred  into  another  tube  |  and,  to  this  carbonated  hydrogenous  gap,  perfectly  de- 
prived both  of  moifture  and  carbonic  acid,  muriatic  acid  gas,  previoufly  ele&rificd,  waa 
added,  and  ete&rical  fhocks  were  pafied  through  the  mixture.  A  drop  of  water  waa  then 
admitted  j  and  the  refiduary  gas,  after  having  been  dried*  was  transferred  into  another 
tube.  On  pafling  up  barytic  water,  not  the  fmalleft  trace  of  carbonic  acid  could  be 
di  (covered. - 

From  the  preceding  experiments,  the  following  conclusions  may  be  deduced. 

i.  The  muriatic,  acid  gas,  in  the  dried  ftatc  in  which  it  can  be  procured,  ftill  contains  a 
portion  of  water.  From  a  calculation  founded  on  the  experiments  defcribed  in  the  firft 
feftion,  the  grounds  of  which  arc  too  obvious  to  require  being  ftated,  it  follows,  that  109 
cubical  inches  of  muriatic  gas,  after  expofure  to  muriate  of  lime,  ftill  hold  in  combination 
1.4  grain  of  water. 

2.  When  ele&rical  (hocks  are  pafied  through  this  gas,  the  watery  portion  is  decom- 
pofed.  The  hydrogen  of  the  water,  uniting  with  the  ele&ric  matter,  conftitutes  hydro? 
genous  gas,  and  the  oxygen  unites  with  the  muriatic  acid;  which  laft,  a£ting  on  the 
mercury,  compofes  muriate  of  mercury.  ,    ■• 

3.  The  ele&ric  fluid  feryes  as  an  intermedium,  in  combining  oxygen  with  muriatic 
acid.  ^     ■ 

4.  The  really  acid  portion  of  muriatic  gas  does  not  fuftain  any  decompofition  by  the, 
a&iori  of  ele&ricity. 

5.  When  eleftric  {hocks  are  pafied  through  a  mixture  of  carbonated  hydrogen  and 
muriatic  acid  gafes,  the  water  held  in  folution  by  thefe  gafes,  is  vdecompofed  by  the  carboa 
of  the  compound  inflammable  gas;  and  carbonic  acid  and  hydrogenons  gafes  are  the 
refuk. 

6.  When  all  the  water  of  the  two  gafes  has  been  decompofed,  no  effect  enfues  from 
continuing  the  denization ;  or,  if  the  water  of  each  gas  has  been  previoufly  deftroyed* 
by  ele&rifying  them  feparately,  no  further  efred  enfues  from  eleftrifying  them  conjointly, 

7.  Since  therefore  carbon,  though  placed  under  the  moft  favourable  circumstances,  for 
abftra&ing  from  the  muriatic  acid,  and  combining  with,  its  oxygen,  evinces  no  fuch 
tendency,  it  may  be  inferred,  that  if  tjie  muriatic  acid  be  an  oxygenated  fubftance,  its 
radical  has  a  (Ironger  affinity  for  oxygen  than  charcoal  poflefles. 

Though  the  firft  impreffiogns  excited  in  my  mind  by  the  total  failure  of  the  above  ex- 
periments, in  accomplishing  one  of  the  greateft  objects  of  modern  chemiftry,  have  induced 
me  for  fome  time  to  wichhold  them  from  the  fociety,  I  am  fatisfied  by  reflection,  that  this 
communication  is  not  without  expediency.  The  means  employed  in  attempting  the 
analyfy  of  the  muriatic  acid,  were  fuch  as,  after  mature  deliberation,  appeared  to  me  moft 
to  prorpife  fuccefs ;  and  the  experiments  were  attended  with  a  degree  of  labour,  which 
can  only  be  eftimated  by  thofe  who  have  been  engaged  in  (imilar  purfuits  ;  not  one  third' 
of  thofe  which  were  really  made  having  been  defcribed,  in  the  foregoing  account  of 

them* 
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diem*  It  may  fpatfc  therefore  to  others,  a  fruitlefs  application  of  time  and  trouble,  to  be 
made  acquainted  with  what  I  have  done ;  and  the  collateral  fa£ts,  which  have  prefented 
themfelves  in  the  inquiry,  are  perhaps  not  without  curiofity  or  value* 

From  the  refult  of  thefe  experiments,  I  apprehend,  all  hope  mud  be  relinquMhed,  of 
efie£Hng  the  decompofition  of  the  muriatic  acid,  in  the  way  of  (ingle  eledive  affinity. 
They  furnifh  alfo  a  ftrong  probability,  that  the  bafis  of  the  muriatic  acid  is  fome  unknown 
body;  for,  no  combuftible  fubftance  with  which  we  are  acquainted,  can  retain  oxygen, 
when  fubmitted,  in  conta&  with  charcoal,  to  the  a£tion  of  ele&ricity,  or  of  a  high  tem- 
perature. The  analyfis  of  this  acid  muft,  in  future,  be  attempted  with  the  aid  of  com- 
plicated affinities.  Thus,  in  the  mafterly  experiment  of  Mr.  Tennant,  phofphorus,  which 
attrafts  oxygen  lefs  ftrongly  than  charcoal,  by  the  intermediation  of  lime  decompofes  the. 
carbonic  acid.  Yet,  led  by  the  analogy  of  this  fa&,  its  difcoverer  found  that  a  fimilar  artifice 
did  not  fucceed  in  decompofing  the  muriatic  acid.  ((  As  vital  air,"  he  obferves,  "  is  at- 
•*  traded  by  a  compound  of  phofphorus  and  calcareous  earth,  more  powerfully  than  by 
u  charcoal,  I  was  defirous  of  trying  their  efficacy  upon  thofe  acids  which  may  from 
*  analogy  be  fuppofed  to  contain  vital  air,  but  which  are  not  affe&ed  by  the  application  of 
u  charcoal.  With  this  intention,  I  made  phofphorus  pafs  through  a  compound  of  marine 
41  acid  and  calcareous  earth,  and  alfo  of  fluor  acid  and  calcareous  earth,  but  without  pro- 
"  ducing  in  either  of  them  any  alteration.  Since  the  ftrong  attra&ion  which  thefe  acids. 
"  have  for  calcareous  earth  tends  to  prevent  their  decompofition,  it  might  be  thought, 
"  that  in  this  manner  they  were  not  more  difpofed  to  part  with  vital  air  than  by  the  attrac- 
€%  tion  of  charcoal :  but  this,  however,  does  not  appear  to  be  the  fad.  I  have  found,  that 
"  phofphorus  cannot  be  obtained  by  paffing  marine  acid  through  a  compound  of  bones  - 
M  and  charcoal  when  red-hot.  The  attra&ion,  therefore,  of  phofphorus  and  lime  for  vital 
u  air,  exceeds  the  attraction  of  charcoal,  by  a  greater  force  than  that  arifing  from  the. 
"  attradion  of  marine  acid  for  lime  *." 


By  means  fimilar  to  thofe  employed  in  attempting  the  analyfis  of  the  muriatic 
acid,  I  tried  to  cffeCt  that  of  the  fluoric  acid.  When  eleftrified  alone,  in  a  glafs 
tube  coated  internally  with  wax,  it  fuftained  a  diminution  of  bulk,  and  there  re- 
mained a  portion  of  hydrogenous  gas.  But,  neither  in  this  mode,  nor  by  fubmitting 
it,  mixed  with  carbonated  hydrogenous  gas,  to  the  a&ion  of  ele£kricity,  was  any  pro- 
grefs  made  towards  its  analyfis.  Thefe  experiments,  however,  render  it  probable,  that 
the  fluoric  acid,  like  the  muriatic,  is  fufceptible  of  ftill  farther  oxygenation,  in  which  ftaic 
it. becomes  capable  of  a&ing  on  mercury.  The  carbonic  acid,  on  the  contrary,  appears 
not  to  admit  of  two  different  degrees  of  oxygenation.  When  the  ele&ric  (hock  has  been 
jgpeatedly  palled  through  a  portion  of  this  acid  gas,  its  bulk  is  enlarged,  and  a  permanent 

•  Phil.  Tran£  vol.  LXXI,  p.  it*. 
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i;2rt'h  produced,  which  is  evidently  a  mixture 'of  oxygenous  and  hydrogenous  gafes ;  for,' 
When  an  electrical  fpark  i*  paffed  through  the  gas  that  remains  after  the  abforption  of  the 
carbonic  acid  by  cauftic  alkali,  it  immediately  explodes.    Thefe,  refill  ts  even  take  place  oh 
electrifying  carbonic  acid  from  marble,  previoufly  calcined  in  a  low  red  heat,  to  expel  it'* 
water,  and'  then  dtftilred  m  an  earthen  retort  +• 
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On  a  New  Fulminating  Mercury.    By  Edward  Howard*  Ffq.    F.  R.  $. 

(Cinduded  frttn  page  209  ) 

m 

SECTION      XVIL 


WILL  now  conclude,  by  obferving,  that  the  fulminating  mercury  feems  to  be  charac- 
terifed  by  the  following  properties  : 

.  It  takes  fire  at  the  temperature  of  368  Fahrenheit }  explodes  by  f rift  ion  t,  by  flint  and 
fteel,  and  by  being  thrown  into  concentrate  fulphuric  acid*  It  is  equally  inflammable 
under  the  exhaufted  receiver  of  an  air-pump,  as  fiirrounded  by  atmofpheric  air •,  and  it 
detonates  loudly,  both  by  the  blow  of  a  hammer,  and  by  a  ftrong  electrical  (hock. 

Notwithftanding  the  compoiition  of  fulminating  Giver,  and  of  fulminating  gold,  differ 
eflentially  from  that  of  fulminating  mercury,  all  three  have  fome  fimilar  qualities.  In  tre- 
mendous effects,  Giver  undoubtedly  (lands  firft,  and  gold  perhaps  the  lad.  The  effecls  of 
the  mercurial  powder  and  of  gunpowder,  admit  of  little  comparifon.  The  one  exerts, 
within  certain  limits,  an  almoft  inconceivable  force :  its  agents  feenl  to  be  gas  and  caloric, 
very  fuddenly  fet  at  liberty,  and  both  mercury  and  water  thrown  into  Vap6ur.  The  6ther 
difplays  a  more  extended  but  inferior  power :  gas  and  caloric  are,  comparatively  fpeaking, 
liberated  by  degrees:  and  water,  according  to  Count  Rumford,  is  thrown  into  vapour  +. 

Hence  it  feems,  that,  the  fulminating  mercury,  from  the  limitation  of  its  fphere  of 
a&ion,  can  feldom  if  ever  be  applied  to  mining ;  and,  from  the  immenfity  of  its  initial 

*  Metfieurs  Landriani  and  Van  Marum  (Annates  de  Cbimie,  torn.  ii.  p.  270.)  obtained  only  hydrogenous 
gas,  by  electrifying  the  carbonic  acid  gas.  But  the  conductor  of  their  apparatus  was  an  iron  one  ;  which 
metal  would  combine  with  the  oxygen  of  the  water,  and  prevent  it  from  appearing  in  a  gafeous  ftate.  In 
my  experiments,  the  conductors  were  of  platina. 

f  Consequently  it  mould  not  be  inclofed  in  a  bottle  with  a  glafs  Hopper. 

J  See  Philofophical  TranfacUpns,  for  the  year  1797,  p.  11*.  i 

The  hard  black  fubftance  mentioned  by  the  Count,  as  remaining  after  the  combuftion  of  gunpowder, 
tnuft,  I  believe,  have  been  an  alkaline  fulphu ret,  mixed  chiefly  with  fulphite  and  carbonate  of. pot-am* 
'flic  conjecture  thai  it  is  wlrite  when  firft  formed,  is  certainly  juft,  as  my  experiment  with  the  glafs  globe 
Cvhjccu  • 

Vofc.IV.-^SEyi'EKMIl  1W0.  E*  fore*, 
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force,  cannot  bo  ufcd  in  fire-arms,  unlefs  in  cafes  where  it  becomes  an  objeft  to  deltroy 
them ;  perhaps,  where  it  is.  the  pra&ice  to  fpike  cannon,  it  may  be  of  fervice,  becaufe,  I 
apprehend,  k  may  be  ufed  in  fuch  a  manner  as  to  burft  cannon,  without  difperfing  any 
fplinters. 

Thr  inflammation  of  fulminating  mercury  by  concuflion,  offers  nothing  more  no?el  or 
remarkable,  than  the  inflammation,  by  concuflion,  of  many  other  fubftances.  The  theory 
of  fuch  inflammations  has  been  long  fince  expofed  by  the  celebrated  Mr.  Bcrthollet,  and 
confirmed  by  Meffieurs  Fourcroy  and  Vauquelin ;  yet,  I  mult  confefs,  I  am  at  a  lofs  to 
un'derftand,  why  a  fmall  quantity  of  mercurial  powder  made  to  detonate  by  the  hammer, 
or  the  eleAric  (hock,  (hould  produce  a  report  fo  much  louder  than  when  it  is  inflamed  by 
a  match,  or  by  flint  and  ftccl.  It  might  at  firft  be  imagined,  that  the  loudnefs  of  the 
report  could  be  accounted  for,  by  fuppofing  the  inftant  of  the  inflammation,  and  that  of 
the  powder's  confinement  between  the  hammer  and  anvil,  to  be  precifely  the  fame ;  but, 
when  the  cleftrical  (hock  is  fent  through  or  over  a  few  grains  of  the  powder,  merely  laid 
on  ivory,  and  a  loud  report  is  the  confequence,  I  can  form  no  idea  of  what  caufes  fuch  a 
report. 

The  operation  by  whith  the  powder  is  prepared,  is  perhaps  one  of  the  mod  beautiful 
and  furprifing  in  chemiftry ;  and  it  is  not  a  little  interefting  to  confider  the  affinities  which 
are  brought  into  play.  The  fuper-abundaut  nitrous  acid  of  the  mercurial  folution,  muft 
firft  a£fc  on  the  alcohol,  and  generate  ether,  nitrous  etherized  gas,  and  oxalic  acid.  The 
mercury  unites  to  the  two  laft  in  their  nafcent  ftate,  and  rclinquifhcs  frefh  nitrous  acid,  to 
aft  upon  any  unaltered  alcohol.  The  oxalic  acid,  although  a  predifpofing  affinity  feems 
exerted  in  favour  of  its  quantity,  is  evidently  not  formed  faft  enough  to  retain  all  the 
mercury :  otherwife,  no  white  fumes,  during  a  confiderable  period  of  the  operation,  but 
fulminating  mercury  alone,  would  be  produced* 

Should  any  doubt  dill  be  entertained  of  the  exiftence  of  the  affinities  which  have  been 
called  predifpofing  or  con fpi ring,  a  proof  that  fuch  affinities  really  cxift,  will  I  think  be 
afforded,  by  comparing  the  quantity  of  oxalic  acid  which  can  be  generated  from  given 
meafures  of  nitrous  acid  and  alcohol,  with  the  intervention  of  mercury,  and  the  interven- 
tion of  other  metals.  For  inftance,  when  two  meafured  ounces  of  alcohol  are  treated 
with  a  folution  of  100  grains  of  nickel  in  a  meafured  ounce  and  a  half  of  nitrous  acid,., 
little  or  no  precipitate  is  produced  \  yet,  by  the  addition  of  oxalic  acid  to  the  refiduary 
liquor,  a  quantity  of  oxalate  of  nickel,  after  fome  repofe,  is  depofited.  Copper  affords 
another  illu  ft  ration :  100  grains  of  copper,  diflblved  in  a  meafured  ounce  and  an  half  of 
nitrous  acid,  and  treated  with  alcohol,  yielded  me  about  18  grains  only  of  oxalate;  al- 
though cupreous  oxalate  was  plentifully  generated,  by  dropping  oxalic  acid  into  the  refi- 
duary liquor.  About  21  grains  of  pure  oxalic  acid  feem  to.  be  produced,  from  the.  fame 
materials,  when  100  grains  of  mercury  are  interpofed.  (See  Se&ion  14.)  Befides,  ac«t 
cording  to  "the- Dutch  paper,,  more  than  once  referred  to,  acetous  acid  is  the  principal 
K&duc  after  the  preparation  of  nitrous  ether.    How  can,,  we  explain  the  formation  of  a 
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greater  quantity  of  oxalic  acid,  from  the  fame  materials,  with  the  intervention  of  100 
grains  of  mercury,  than  with  the  intervention  of  100  grains  of  copper,  otherwife  than  by 
the  notion  of  confpiring  affinities,  fo  analogous  to  what  we  fee  in  other  phenomena  of 
nature  ? 

I  have  attempted,  without  fuccefs,  to  communicate  fulminating  properties,  by  means  of 
alcohol,  to  gold,  platina,  antimony,  tin,  copper,  iron,  lead,  zinc,  nickel,  bifmuth,  co- 
balt, arfenic,  and  manganefe ;  but  I  have  not  yet  fufficiently  varied  my  experiments,  to 
enable  me  to  fpealc  with  abfolute  certainty. *  Silver,  when  20  grains  of  it  were  treated 
with  nearly  the  fame  proportions  of  nitrous  acid  and  alcohol  as  100  grains  of  mercury, 
yielded,  at  the  end  of  the  operation,  about  3  grains  of  a  grey  precipitate,  which  fulmi- 
nated with  extreme  violence.  Mr.  Cruickfliank  had  the  goodnefs  to  repeat  the  experiment; 
he  dhTolved  40  grains  of  filver  in  2  ounces  of  the  ftrongeft  nitrous  acid  dilated  with  an 
equal  quantity  of  water,  and  obtained  (by  means  of  2  ounces  of  alcohol)  60  grains  of  a 
very  white  powder,  which  fulminated  like  the  grey  precipitate  above  described.  It  pro- 
bably combines  with  the  fame  principles  as  the  mercury,  and  of  courfe  differs  from  Mr. 
Berthollet's  fulminating  filver,  alluded  to  in  page  250.  I  obferve,  that  a  white  precipitate 
is  always  produced  in  the  firft  inftance,  and  that  it  may  be  preferred,  by  adding  water, 
as  foon  as  It  is  formed  ;  otherwife,  when  the  mother  liquor  is  abundant,  it  often  becomes 
grey,  and  is  re-difiblved. 

P.  S.  Since  the  preceding  pages  were  written,  I  have  been  permitted,  by  the  Right 
Honourable  Lord  Howe,  Lieutenant  General  of  the  Ordnance,  to  make  the  following 
trials  of  the  mercurial  powder,  at  Woolwich,  in  conjun£Uon  with  Colonel  Blomefield, 
and  Mr.  Cruickfliank  *. 

Experiment  1.  From  the  manner  in  which  the  fere w  of  the  gun-breech,  mentioned  in 
Seftion  v.  had  afted  on  the  barrel,  it  was  imagined,  that  by  burfting  *n  iron  eafe,  exa&ly 
fitted  to  the  bore  of  a  cannon,  its  fudden  enlargement  might  make  many  flaws,  and  fplit 
the  piece,  without  difperfing  any  fplinters.  In  conformity  to  this  opinion,  a  caft  iron  cafe 
was  conftru&ed,  with  a  cylindrical  chamber,  of  equal  length  and  diameter,  calculated  to 
hold  37  ounces  troy  of  the  mercurial  powder.  The  cafe,  being  firmly  fcrewed  together, 
was  charged  through  its  vent-hole,  and  introduced  into  a  twelve-pounder  carronade*  the 
bore  of  which  it  exa&ly  fitted.  The  powder  was  then  enflamed,  with  proper  precautions. 
The  gun  remained  entire,  but  the  cafe  divided :  the  portion  forming  the  upper  furface  of 
the  chamber,  was  expelled  in  one  mafs ;  that  adjoining  the  breech,  which  conftituted  the 
reft  of  the  chamber,  was  cracked  in  every  dire&ion,  and  in  part  crumbled }  yet  it  was  fo 
wedged  into  fome  indentations  which  the  explofion  had  made  in  the  fides  of  the  piece,  that 
the  fragments  were  not  removed  without  great  labour. 

Experiment  2.  Another  caft  iron  cafe  was  prepared,  of  the  fame  fize  as  the  former,  with 
a  chamber  alfo  cylindrical,  but  wrought  in  a  tranfverfe  dire&ion,  and  of  a  greater  length 

*  It  it  with  pleafare  I  take  this  opportunity  of  acknowledging  tht  civil  attention  I  received  from  the 
different  officers. 

K  k  2  than 


%5* 


EffeS  of  the.ne&fyhninatiqg  Mtrcwyp*  Artillery,  (3c. 


than  dimeter ;  -the  thickncfs  of  metal  at  each  extremity  not  being  move  thro;a  quartejr.  of 
an  inch.  This  cafe,  was  filled  with  nearly  £  ounces  troy  of  the  mercurial  powder*  and. 
placed  in  the  fame  carronad.e.  Three  twelve-pound  (hot  were  next  introduced,  and 
brought  into  clofe  contaft  with  the  upper  furface*  of  the  cafe,  as  welt  as  with  each,  other*. 
The  gun  a  fecond  time  withftood  the  exploGon  :  the  cafe  was  divided  acrofs  the  middle  of 
the  chamber,  into  two  equal  parts ;  that  adjoining  the  breech  was,  as  in  the  former  expe- 
riment, much  flawed,  and  left  immoveable;  that  neftreft  to  the  muzzle  was  alfo  muck 
flawed,  but  driven  out  with  the  (hot.  All  the  three  (hot  were  broken  \  the  two  lower 
being  divided  into  feveral  pieces,  and  the  upper  one  cracked  through  the  centra 

The  report  was  fo  feeble,  in  both  experiments,  that  an  inattentive  perfon,  I  am  con-» 
fident,  would  not  have  heard  it  at  the  diftance  of  two  hundred  yards. 

Experiment  3.  It  was  found  fo  difficult  to  extra£t  the  fragments  of  the  cafe  remaining  in 
the  carrooade,  after  the  laft  experiment,  that  a  channel  was  drilled  through  them,  to  the 
vent-hole  of  the  piece.  It  was  then  charged,  with  6  ounces  troy  of  the  mercurial  powder^ 
made  up  as  a  cartridge,  which  did  not  occupy,  above  one  half  of  the  diameter  of  the  bore. 
A  wad  was  placed  over  the  powder,  dry  fand  fu  per  added,  to  (ill  all  vacuities,  and  the  gun 
filled  to  the  muzzle  with  two  twelve*pound  (hot*  A  block  of  wood  was  fet  at  a  fmall 
diftance,  to  receiv/e  the  impreflion  of  the  (hot,  and  the  powder  was  inflamed  as  ufual. 
The  carronade  dill. refilled.  One  of  the  (hot  was  fplit  into  two  pieces  ;  and  the  block  of 
wood  was  driven  to  a  considerable  diftance,  but  not  penetrated  by  the  (hot  above  the  depth 
of  one  inch*  The  report  was  fomewhat  louder  than  the  former  ones.  In  all  three  in- 
-  fiances*  a  confiderable  recoil  evidently  took  place.  I  prefurae,  therefore,  that  in  the  firft 
experiment  related  in  the  fifth  Se£tion,  there  mud  have  been  a  recoil,  though  too.  trifling 
to  be  obfexved  •,  and,  in  the  iriftances  where!  the  gun  rand  the  proof  were  burft,  it  was  not 
fip  much  to  be  expe&ed. 
.  Experiment  4.  Finding  that  the  carronade,  from  the  great  comparative  fize  of  its  bore  to 
that  off  its  length,  required  a  larger  quantity  of  mercurial  powder  to  burft  it  than  we  were* 
provided  with,  we  charged  a  half-pounder  fwivel  with  an  ounce,  and  a  half  avoirdupois  of 
the  mercurial  powder,  (the  fervice  charge  of  gunpowder  being  3  ounces)  and  a  half-pound, 
(hot  .between  two  wads.  The-  piece  waa  deftroyed  from  the  trunnions  to  the  breech,  aod 
its  fragments  thrown  thirty  or  forty  yards.  The  ball  penetrated  five  inches  into  a  block  of. 
wood,  (landing  at  about  a  yard  from  the  muzzle  of  the  gun ;  the  part  of  the  fwivel  not 
broken,  was  fcarce,  if  at  all,  moved  from  its  original  pofition. 

Experiment  5.  One  ounce  avoirdupois  of  the/mercurial  powder,  enclofed  in  paper,  was 
placed  in  the  centre  of  a  (hell  4,4  inches  in  diameter,  and  the  vacant  fpace  filled  with  dry 
fand. 

The  (hell  burft  by  the  explofion  of  the.  powder,  and  the  fragments  were  thrown  to  a 
confiderable  diftance.  The  charge  of  gunpowder  employed  to  burft  (hells  of  this  diameter,, 
is  5  ounces,  avoirdupois. 

«  *  
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Experiments.  A  fea^grenade,  3,5  inches  diameter,  charged  like  the  flaeff  in  uie  pin  ex* 
pertinent,  was  burft  iqto  numerous  fragments,  by  \  of  an  ounce  avoirdupois  of  the  mercu- 
rial powder.  The  fragments  were  proje&ed  with  but  little  force,  and  only  to  the  diftance 
of  eight  or  ten  yards.  The  charge  of  gunpowder  required-  for  grenades  of  this  fize,  is  3 
ounces. 

Experiment  7.  A  fea  grenade,  of  the  fame* diameter  as  the*  laft  mentioned,  and  charged  * 
in  the  like  manner,  with  £  of  an  ounce  avoirdupois,  or  57I  grains,  of  the  mercurial  pow- 
der, was  fplit  into  two  equal  pieces,  which  were  not  thrown  ten  inches  afundcr. 

The  report  in  the  four  laft  experiments  was.  very  (harp,  but  not  loud  in  proportion. 

It  feems,  from  the  manner  in  which  the  fwivel  was  burft,  in  the  fourth  experiment,  tfiat 
a  fmaller  charge  would  have  been  Sufficient  for  the  piirpofe.  We  may  therefore  infer,  bothf 
from  this  inftance  and  from  the  fecond  experiment  made  with  the  gun,  in  Se&ion  v,  that 
any  piece  of  ordnance  might  be  deftroyed,  by  employing  a  quantity  of  the  mercurial  pow- 
der equal  in  weight  *to  one  half  of  the  fervice  charge  of  gunpowder;  and,  from  the  feverith 
and  laft  experiment,  we  may  alfo  conclude,  that  it  would  be  poflible  fo  to  proportion  the 
charge  of  mercurial  powder  to  the  fize  of  different  cannons,  as  to  burft  them  without  dif- 
perfing  any  fplinters.  But  the  great  danger  attending  the  ufe  of  fulminating  mercury,  on; 
account  of  the  facility  with  which  it  explodes,  will  probably  prevent  its  boing  employed. 
.    for  that  purpofe. 

In  addition  to  the  other  Angular  properties  of  the  fulminating  mercury,  it  may  be  ob*- 
ferved,  that  two  ounces  inflamed  in  the  open  air,  feem  to  produce  a  report  much  louder 
than  when  the  fame,  quantity  is  exploded;  in  a  gun  capable  of  refilling,  its  a£tion*  Mr*. 
Cruickfhank,  who  made  fome  of  the  powder,  by  my  procefs,  remarked  that  it  would  not 
inflame  gunpowder.  In  confequence  of  which,  we  fpread  a  mixture  of  coarfe  and  $oe 
grained  gunpowder  upon  a  parcel  of  .the  mercurial  powder;  and,  after  the  inflfemauttioa  of 
the  latter,  we  colle&ed  mod,  if  not  all,  of  the  grains  of  gunpowder,  da  this  extraor- 
dinary fail  be  explained  by- the  rapidity  of  thexombudftion  of  fulminating. mercury?  or'  i* it 
to.  be  fuppofed,  (as  gunpowder  will  not  explode  at  the  temperature  at*  which  mercury  is 
thrown  into  vapour,)  that  fuflicient  caloric  is  not  extricated  <luring:this  combuftiob.. 

From  the  late  opportunity  I  have  had  of  converging;  with  Mr.  Ccuick&ankt  I  find  thatj  he 
has  made  many  accurate  experiments  on  gunpowder ;  .and  he  has  permitted  me. toftatev 
"that  the  matter  which  remains;  after .  the  explofion  of  gunpowder;  conEfts  of  pot-jafli 
"  united  with  a  fmaU  proportion  of  carbonic  acid,  fulphate  of  pot-alh,  a  very  fmall  quan- 
€i  tity  of  fulphuret  of  pot-afh,  and  unconfumed  charcoal.     That  100  grains  of  good  gun- 
**  powder  yield  about  53  grains  of  this,  refiduum,  of  which  three  are  charcoaL     That  it  is. 
u  extremely  deliquefcent,  andi  wherrexpofed  to  the  air,- foon  abforbs  moifture  fufficient 
"to  dtfiblve  a  part  of  the  alkali  5  in  •confequence'  of  which,  the  charcoal  becomes  expofed, , 
"  and  the  whole  aflumes  a  black  or  very  dark  colour."     Mr.  Cruickfhank.  like  wife. informs 
me,   that,  after  the  ccuotbuftioa  of  good  gunpowder  under  mercury,   na  water  is  ever 
perceptible,. 

3  References 


3j4  Additional  Remarks  on  Galvanic  EJeBridty. 

*    References  to  the  Figures  oftbecglafs  Globe,   &V.  mentioned  in  SeBkn  V1L 

A,  (PI.  VH.  of  the  prefent  volume)  a  ball  or  globe  of  giafc,  nearly  half  an  inch  thick,  and 
(even  inches  in  diameter.  It  has  two  necks,  on  which  are  cemented  the  brafs  caps,  B,  C, 
each  being  perforated  with  a  female  fcrew,  to  receive  the  male  ones  D,  E :  through  the 
former  a  fmall  hole  is  drilled  ;  the  latter  is  furnithed  with  a  perforated  ftud  or  (hank  G.  By 
means  of  a  leather  collar  H»  the  neck  C  can  be  air-tightly  clofeck  When  a  portion  of  the 
powder  is  to  be  exploded,  it  mud  be  placed  on  a  piece  of  paper,  and  a  fmall  wire  laid  acrofs 
the  paper,  through  the  midft  of  the  powder :  the  paper  being  then  clofed,  is  to  be  tied  at 
each  end  to  the  wire,  with  a  filken  thread,  as  (hewn  at  I.  One  end  of  this  wire  is  to  be 
fattened  to  -the  end  of  the  (hank  G,  and  the  fcrew  D  inferted  to  half  its  length  int#  the 
brafe  cap  B;  the  other  end  of  the  wire,-  a,  by  means  of  the  needle  K,  is  to  be  drawn 
through  the  hole  F.  The  fcrew  E  being  now  fixed  in  its  place,  and  the  wire  drawn  tight, 
it  is  to  be  fecured,  by  pufhing  the  irregular  wooden  plug  L  into  the  aperture  of  the  fcrew  D, 
taking  <care  to  leave  a  paflage  for  air.  The  (top-cock  M,  the  feftion  of  which  is  (hewn  at  N, 
is  now  xo  be  fere  wed  on  to  the  part  D.,  which  is  made  air-tight  by  the  leather  collar  b.  The 
glafs  tube  O  is  bent,  that  it  may  more  conveniently  be  introduced  under  the  receiver  of  a 
pneumatic  apparatus.  P,  (hews  the  mariner  of  conne&ing  the  glafs  tube  with  the  ft  op-cock. 
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EING  defirous  to  afcertaki  with  fome  degree  of  precifion,  the  nature  and  relative 
proportions  of  the  gafes  obtained  from  water  and  other  fluids  by  this  influence,  I  procured 
fome  wires  of  gold,  and  alfo  fome  of  filver  gilt.  On  trial,  I  found  that  thefe  wires  were 
not  by  any  means  fo  much  a&ed  upon  as  filver,  at  lead  where  water  alone  was  decom- 
pofed ;  I  likewife  obferved,  that  the  quantity  of  oxigen  in  the  mixed  gas  was  much  greater, 
and  amounted  to  nearly  one  third  of  the  whole;  the  gas  from  the  zinc  wire  was  alfo  more 
copious,  than  when  filver  or  copper  wires  were  employed. 

I  took  a  wide  mouthed  phial  capable  of  containing  3  ounces,  and  filled  it  with  very  pure 
lime  water,  a  cork  was  then  loofely  introduced  into  its  mouth,  and  two  gold  wires  pafied 
through  it  ?  the  phial  being  inverted  in  a  fmall  bafon  containing  pure  water,  the  other  ex- 
tremities of  the  wires  were  conne&ed  with  thofe  of  the  pile  in  the  ufual  way  ;  a  very  co- 
pious production  of  gas  immediately  took,  place,  more  efpecially  from  the  filver  wire,  and 
in  about  four  hours  the  phial  was  completely  filled.  This  gas  was  fubmitted  to  the  fol- 
lowing experiments : 

One  meafure  of  it  being  mixed  with  two  of  nitrous  gas,  a  diminution  of  one  meafure 
took  place,  the  refiduum  contained  nitrous  gas,  mixed  with  hydrogen. 

Four 
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Four  meafures  of  this  gas  were  next  exploded  by  the  ele&ric  fpark  in  a  ftrong  glafs  jaf 
over  mercury,  and  the  whole  difappeared,  except  about  xr  °f  a  jncafure ;  this  was  not  in* 
flammable,  and  appeared  to  be  azote. 

From  thefe  experiments  it  would  feem,  that  this  compound  gas  obtained  from  water  by 
means  of  gold  wires,  confifts  of  nearly  two  parts  hydrogen  and  one  oxygen,  mixed  with  a. 
little  azote,  being  nearly  the  proportions  cftimating  by  bulk,  which  are  faidto  enter  into 
the  corappfition  of  water* 

It  has  been  fuppofed,  although  not  proved  by  Mr.  Nicholfon,  that  the  gas  which  efcapes 
from  the  wire  connected  with  the  filver  extremity  of  the  pile  is  hydrogeo,  whilft  that, 
difengaged  by  the  one  conne&ed  with  the  zinc  is  oxygen  gas. 

In  order  to  fatisfy  myfejf  about  the  nature  and  proportions  of  thefe  gafes,  I  took  a  glafs 
tube  10  inches  in  length,  and  by  means  of  the  blow  pipe  bent  it  in  the  middle,  until  the 
legs  formed  an  acute  angle  refembling  the  letter  V ;  while  the  glafs  was  red  hot,  I  con- 
trived to  blow  an  opening  at  the  angle  about  TV  of  an  inch,  or  a  little  better  In  diameters 
Two  gold  wires  paffed  through  corks  fecured  by  cement,  were  introduced  into  the  legs*, 
and  brought  within  an  inch  of  each  other  at  the  bend.     The  tube  was  then  filled  with 
diftilled  water,  and  a  ringer  being  placed  on  the  opening  at  the  angle,  to  prevent  the  fluid 
from  efcaping,  it  was  placed  in  a  tea-cup  containing  water,  wjth  the  angle  downwards*, 
the  legs  having  an  inclination  of  about  45  degrees.     The  extremities  of  the  wires*  being 
then  brought  into  contact  with  thofe  of  the  pile,  a  quantity  of  gas  was  difengaged  from* 
both,  but  by  far  the  greateft  from  that  conne&ed  with  the  filver;  by  this  contrivance  the 
gafes  from  the  two  wires  were  obtained  perfefUy  di(Hn£tj  each  gas  afcending  in  the  leg  of 
the  tube  which  contained  its  generating  wire.     When  a  fufficienc  quantity  of  the  two  aeri- 
form fluids  had  been  thus  obtained,  they  were  examined  as  follows : 

One  meafure  of  the  gas  from  the  filver  fide,,  was  mixed  with  one  of  nitrous-  gas,  fome 
red  fumes  were  obferved,  and  a  diminution  which  amounted  to  4*  of  a  meafure  took  place;, 
die  refiduum  confided  of  a  mixture  of  nitrous  and  hydrogen  gas. 

Two  meafures  of  this  gas  mixed  with  one  of  pure  oxygen,  being  next  introduced  irlto  *. 
ftrong  glafs  jar  over  mercury,  and  fired  by.  the  elc&ric  fpark*  the  whole    very  nearly 
difappeared,  not  more  than  \  of  a  meafure  remaining ;  this  refiduary  gas  appeared  front  the 
nitrous  teft  to  be  chiefly  oxygen*.    A  denfe  white  vapour  was  perceived  over  the  mercury, 
for  fome  time  after  the  explofion.. 

One  meafure  of  the  gas  from  the  zinc  fide  being  mixed  with  two  of  very  pure  nitrous- 
gas,  the  whole  very  nearly  difappeared,  and  another  meafure  of  nitrous  gas  being  added, 
the  total  diminution  amounted  to  nearly  three  meafures.    From  thefe  experiments  it  would  1 
appear,  that  the  gas  obtained  fromuhe  filver  wire  was  chiefly  hydrogen  gas,  and  that. from t 
the  zinc  wire,,  nearly  pure  oxygen. . 

Having  been  favoured  by.Mr..Nicholfbn/with  fmall  pieces  of  plattna  wires*  T  coat  lived 
to  fatten  them  to  filver.  ones,  and  thefe  laft  being  covered  with  a  compofitionof.  refit*  and! 
bees  wax,  the  platina  alone  was  expofed  to.  the  a&ion  of  the  water,  &c.    By.  meant-  of; 

thefe: 


thefe  platina  points,  I  obtained  gafes  very  nearly  fimHar  to  thofe  j*ft  deferred :  butjthe 
oxygen  was. hot  Quite  fo  pure,  as  it  often  contains  j.  or  £  of  azote;  and  when  the  mixed 
gafes  were  exploded,  as  in  the  firft  experiment  with  the  gold  wires,  there  was  a  reftduum 
amounting  to  y  of  the  whole,  which  was  found  to  be  a  mixture  of  hydrogenous  and  azotic 
gafes.  It  may  be  proper  to  obferve,  that  in  all  thofe  cafes  where  the  gafes  were  obtained 
Separately,  the  volume  of  gas  from  the  Giver  fide  was  nearly  three  limes  that  from  the  zinc 
fide  $  and  that  the  former  always  contained  a  little  oxygen,  amounting  to  about  £  or  to  of 
the  whole*.  .      § 

The  platina  point,  conne&ed  with  the  zinc  as  well  as  the  gold  wire  on  the  fame  fide, 
were  after  fome  time  evidently  tarniflicd ;  and  this  efie&  was  foon  obferved  when  the 
machine  was  in  full  aft  ion. 

In  the  following  experiment  I  obtained  a  perfe&  folution  of  gold  : 
.  After  hiving  precipitated  magnefia  and  argill  from  their  fohitions  in  acids,  by  the  in- 
fluence of  the  wire  from  the  filver  fide,  I  was  defirous  to  fee  what  effe&  would  be  produced 
pa  (Solutions  of  lime*  For  this  purpofe  the  glafs  tube  was  filled  with  a  folution  of  the 
jHuriate  of  lime  which  had  been  cryftallifed,  and  the  goM  wires  applied  in  the  ufual  man- 
ner. When  the  tube  was  placed  in  the  circle  of  communication,  little  or  no  gas  efcaped 
from  the  filver  wire,  but  a  confiderable  quantity  began  to  afcend  immediately  from  the 
zinc  one,  and  the  fluid  furrounding  it  aflumed  a  fine  yellow  colour,  which  was  found  to 
proceed  from  a  folution  of  the  gold,  the  wire  at  the  end  of  the  procefs  being  much  cor* 
reded.  After  fome  time  gas  was  Hkewife  difengaged  from  the  filver  wire,  but  there  was 
not  the  lead  precipitation  of  lime*  when  the  wires  were  removed  the  fluid  fmelkd  of  aqua 
r/egia,  or  the  ox.  muriatic  acid. 

When  platina  points  were  employed  inftead  of  the  gold  wires,  the  fmell  of  the  nitro- 
muriatic  acid  was  alfo  foon  perceived,  but  no  fenfible  folution  of  the  platina  was  ob- 
fdrvable.    .  .    .  * 

This  formation  of  the  nitro-muriatic,  or  oxygenated  muriatic  acids,  was  not  obferved 
but  where  the  perfect  metals  gold  and  platina  were  employed ;  the  reafon  of  which  mud 
be  obvious.  When  the  tube  was  filled  with  a  folution  of  common  fait  inftead  of  the  mut- 
ilate of  lime,  a  nitro-muriatic  acid  was  Hkewife  produced.  The  eflefts  produced  by  the 
gold  or  platina  wires  on  the  tin&ures  of  Litmus  and  Brazil  wood,  were  dill  more  remark- 
able than  thofe  defcribed  in  the  former  paper,  more  particularly  on  the  litmus,  which  was 
very  quickly  reddened.  When  the  tube  was  filled  with  diftilled  water  only,  and  gold  wires 
employed  >  after  the  influence  had  pafied  through  for  fome  time  (without  confining  the 
gas)  that  portion  of  the  fluid  in  contaft  with  the  filver  wire  being  decanted,  ftrongiy  red- 
Jemd  the  tin&urc  of  Brazil  wood.  This  mode  of  making  the  experiment  was  preferred, 
as  it  might  be  fuppofed  that  the  hydrogen  in  itsnafcent  (late  would  unite  with  the  colouring 
matter  of  the  Brazil  wood,  and  produce  the  cffc£fc  of  an  alkali. 

■ 

*  Was  this  oxygen  originally  held  m  fclutisa  by  the  water  >    €• 
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From  the  experiments  related  in  this  and  the  former  paper,  we  may  draw  the  following 
conditions : 

1.  That  hydrogen  gas  mixed  with  a  very  fmall  proportion  of  oxygen  and  ammonia,  is 
fomehow  difepgaged  at  the  wire  conne&ed  with  the  filveT  extremity  of  the  machine;  and 
that  this  effe&  is  equally  produced,  whatever  the  nature  of  the  metallic  wire  may  be,  pro- 
vided the  fluid  operated  upon  be  pure  water. 

2.  That  where  metallic  folutions  are  employed  inftead  of  water,  the  fame  wire  which 
feparates  the  hydrogen  revives  the  metallic  calx,  and  depofits  it  at  the  extremity  of  the 
wire  in  its  pure  metallic  (late ;  in  this  cafe  no  hydrogen  gas  is  difengaged.  The  wire  cm- 
ployed  for  this  purpofe  may  be  of  any  metal. 

3.  That  of  the  earthy  folutions,  thofe  of  magnefia  and  argill  only  are  decompofed  by  the 
filver  wire,  a  circumftance  which  ftrongly  favours  the  produ&ion  of  ammonia. 

4.  That  when  the  wire  connected  with  the  zinc  extremity  of  the  pile  con  fids  either  of 
gold  or  platina,  a  quantity  of  oxygen  gas,  mixed  with  a  little  azote  and  nitrous  acid  is  dif- 
engaged, and  the  quantity  of  gas  thus  obtained  is  a  little  better  than  -J*  of  the  hydrogen 
gas  feparated  by  the  Giver  wire  at  the  fame  time. 

5.  That  when  the  wire  conne&ed  with  the  zinc  is  filver,  or  any  of  the  imperfe&  metals, 
a  fmall  portion  of  oxygenous  gas  is  likewife  given  out,  but  the  wire  itfelf  is  either  oxydated 
or  duTolved,  or  partly  oxydated  and  partly  difiblved ;  indeed,  the  efie&  in  this  cafe  pro* 
duced  upon  the  metal,  is  very  fimilar  to  that  of  the  concentrated  nitrous  acid,  where  a 
great  deal  of  the  metal  is  oxydated,  and  but  a  fmall  quantity  held  in  folution  *. 

6.  That  when  the  gafes  obtained  by  gold  or  platina  wires,  are  colle&ed  together  and 
exploded  over  mercury,  the  whole  nearly  difappears  and  forms  water,  with  probably  a  little 
nitrous  acid,  for  there  was  always  a  thick  white  vapour  perceived  for  fome  time  after  the 
explofion.    The  refiduary  gas  in  this  cafe  appeared  to  be  azote. 

In  refie&ing  on  thefe  experiments  it  would  appear,  that  in  fome  of  them,  the  water 
mud  be  decompofed ;  but  how  this  can  be  effefted,  is  by  no  means  fo  eafily  explained. 
For  example,  it  feems  extremely  myfterious  how  the  oxygen  (hould  pafs  filently  from  the 
extremity  of  the  filver  wire  to  that  of  the  zinc  wire,  and  there  make  its  appearance  in  the 
form  of  gas.  It  is  to  be  obferved  likewife,  that  this  efie&  takes  place  which  ever  way  the 
wires  are  placed,  and  whatever  bends  may  be  interpofed  between  their  extremities,  pro- 
vided the  diftance  be  not  too  great.  On  confidering  thefe  fafts  more  minutely,  it  appeared 
to  me,  that  the  eafieft  and  fimpleft  mode  of  explanation,  would  be,  to  fuppofe  that  the 
galvanic  influence  (whatever  it  may  be)  is  capable  of  exifting  in  two  dates,  that  is,  in  an 
oxygenated  and  deoxygenated  (late.    That  when  it  pafles  from  metals  to  fluids  containing 

•  The  great  difference  in  the  effect  produced  by  this  influence  on  gold  and  filver,  which  hare  always 
teen  considered  as  equally  difficult  to  oxidate,  can  only  be  explained  on  the  fuppofition,  that  nitrous  acid 
is  generated  j  for  this  acid,  it  is  well  known,  acts  powerfully  on  filver,  but  has  no  action  whatever  on  gold. 
The  fame  obfervation  applies  to  platina j 
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oxygen,   it  feizes  their  oxygen,  and  becomes  oxygenated ;  but  when  it  pafies  from  the 
fluid  to  the  metal  again,  it  aflumes  its  former  date,  and  becomes  deoxygenated.     Novr 
when  water  is  the  fluid  interpofed,  and  the  influence  enters  it  from  the  fihrer  fide  deoxyge-  . 
oated,  (and  we  fuppbfe  that  it  always  paflTes  from  the  deoxygenated  to  the  oxygenated 
fide)  it  feizes  the  oxygen  of  the  water,  and  difeogages  the  hydrogen,  which  accordingly 
.appears  in  the  form  of  gas ;  but  when  the  influence  enters  the  sine  wire,  it  parts  with  the 
oxygen,  with  which  it  had  formerly  united,  and  this  either  ef capes  in  die  form  of  gas, 
unites  with  the  metal  to  form  an  oxyde,  or,  combined  with  a  certain  portion  .of  water,  &c. 
may,  according  to  the  German  chemifts,  form  nitrous  acid.    When  a  metallic  folution  i* 
the  interpofed  fluid,  the  effeft  produced  may  be  explained  in  two  ways*,  but  the  (impleft 
is  bo  fuppofe,  that  the  influence  in  paffing  from  the  filver  wire,  feizes  the  oxygen  of  the 
metallic  calx,  and  afterwards  depofits  it  on  entering  the  zinc  one ;  in  this  cafe  no  gas  fhould 
appear  at  the  filver  wire,  but  when  a  perfed  metal  is  employed,  oxygen  (hould  be  difen- 
gaged  from  the  zinc  wire  ;  and  this,  as  has  been  already  mentioned,  is  cxa£Uy  what  takes 
place.    What  I  confider,  however,  as  the  ftrongeft  argument  in  favour  of  this  hypothefis, 
is,  that  all  fluids  which  do  not  contain  oxygen,  are  incapable  of  tranfmitting  the  galvanic 
fluid,  fuch  as  alcohol,  aether,  the  fat, -and  eflential  oils,  as  I  have  proved  by  dire£t  experi- 
ment *  but  on  the  contrary,  that  all  thofe  which  do  contain  oxygen  conduct  at  more  or  led 
aeadily,  as  all  aqueous  fluids,  metallic  folutions,  and  acids,  more  efpccially  the  concentrated 
iulphuric  acid »  which  it  decomposes.    In  this  laft  inftance,  the  oxygen  produced  can  hardly 
be  afcribed  to  the  decompofition  of  water ;  for  this  acid,  when  properly  concentrated* 
does  not  coo  tain  anyfenfible  quantity.    By  this  theory  alfo,  we  can  readily  explain  the 
oxydation  of  the  zinc  plates  in  the  machine  ;  where  the  fluid  in  paffing  from  the  different 
pairs  of  plates,  appears  to  be  alternately  oxygenated  and  deoxygenated.     Although  I  am 
not  by  any  means  intirely  fatisfied  with  this  hypothefis,  yet,  as  it  is  the  only  one  by  which 
I  can  explain  the  different  phenomena,  it  was  thought  advifeable  to  throw  it  out,  merely) 
with  a  view  to  induce  others  to  reafon  upon  the  fubjeft,  and  to  incite  them  to  make  expe- 
riments, by  which  alone  truth  can  be  ascertained* 

A  convenient  and  powerful  machine  is  at  prefect  a  great  defideratum  in  galvanifm :  the 
common  pile,  although  at  IGrft  fiifficiently  ftrdng,  very  foon  lofes  its  power  ^  it  is  be  fides- 
very  troublcfomc  to  be  eonflantly  repiling  it,  and  clearing  the  different  pieces  from  oxida- 
tion, &c.  which  muft  neccfiarily  be  done,  if  it  is  intended  that  the  apparatus  (hould  pro* 
duce  the  full  effeft.  The  contrivance  which  has  Succeeded  beft  with  me  is  as  follows :  £ 
flonftruded  a  kind  of  trough  of  baked  wood,  26  Ucbes  in  length*  1,7  inches  deep,  and  1,5, 
inches  widev  in  the  fides  of.  this  trough:  grooves  were  made  oppofite  to  each  other,  about 
the  tenth  of  an  inch  in  depth,  and  fufficiently  wide  to  admit  one  of  the  plates  of  zinc  and 
filver  when  foldered  together  y  three  of  thefe  grooves  were  made  in  the  fpace  of  one  inch 
and  three  tenths,,  fo  that  the  whole  machine  contained  60  pairs  of  plates*    A  plate  of  zinc 


•  Sea  the  former  paper  on  this  fiibje &• 
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«Wcl  filver,  each  1,6  inches  fquare,  well  cemented  together,  were  introduced  into  each  of 
thefe  grooves  or  notches,  and  afterwards  cemented  into  the  trough  by  a  compofition  of 
roGn  and  wax,  fo  perfe&ly,  that  no  water  could  pafs  from  one  cell  to  the  other,  nor  he* 
tween  the  plates  of  zinc  and  filver.  This  circumftance  mud  be  ftri&ly  attended  to,  elfe 
the  machine  will  be  extremely  imperfeft.  When  all  the  plates  were  thus  fecured  in  the 
trough,  the  interfaces  or  cells  formed  by  the  different  pairs  of  plates  were  filled  with  a 
folution  of  the  muriate  of  ammonia,  which  here  fupplied  the  place  of  the  moiftened  papers 
in  the  pile,  but  anfwered  the  purpofe  much  better.     It  is  hardly  necefTary  to  obferve,  that 

4 

in  fixing  the  zinc  and  filver  plates,  they  mult  be  placed  regularly,  as  in  the  pile,  vi%*  alter- 
nately zinc  and  Giver,  the  filver  plate  being  always  on  the  fame  fide.  When  a  communication 
was  made  between  the  firft  and  laft  cell,  a  ftrong  (hock  was  felt  in  the  arms,  but  fomewbat 
different  from  that  given  by  the  pile,  being  quicker,  lefs  tremulous,  and  bearing  a  greater 
refemblance  to  the  common  electrical  (hock.  I  conftru&ed  two  of  thefe  machines,  which 
contained  in  all  ioo  pairs  of  plates;  thefe  when  joined  together,  gave  a  very  ftrong  ihock, 
and  .the  fpark  could  be  taken  :n  the  day  time  at  pleafiire ;  but  what  furprized  me  not  a  little* 
was  the  very  (lender  power  which  they  poflefled  in  decompofing  water;  in  this  refpeflk 
they  were  certainly  inferior  to  a  pile  of  30  pairs,  although  fuch  a  pile  would  not  give  a 
fhock  of  one  third  the  ftrength. 

This  apparatus  retained  its  power  for  many  days,  and  would  in  alt  probability  have  fd* 
tained  it  much  longer,,  had  not  the  fluid  got  between  the  dry  furfaces  of  the  arctala.  To 
remedy  this  defeft,  I  have  now  foldered  the  zinc  and  filver  plates  together,  and  find  that 
this  method  anfwers  very  well. 

The  zinc  plates  may  be  cleaned  at  any  time,  by  filling  the  different  cells  for  a  few  mi- 
nutes with  the  dilute  muriatic  acid.  Although  this  apparatus  may  not  intirely  fuperfedo 
the  pile,  efpecially  if  it  (hould  be  found  to  decompofe  water,  &c.  but  (lowly,  yet  in  other 
refpe&s  it  will  no  doubt  be  found  very  convenient  and  portable. 

Having  been  lately  favoured  by  Mr.  Howard  with  narrow  flips  of  platina,  of  a  confide* 
rable  length,  I  repeated  the  experiments  refpe&ing  the  decompofition  of  water,  and  witfe. 
very  nearly  the  fame  refults.  Seven  meafures  of  the  compound  gas  obtained  in  the  ntaiK 
ner  formerly  defcribed,  being  exploded  over  mercury  by  the  eledric  fpark,  there  remained 
no  more  than  4  of  a  meafure,  or  ^  of  the  whole ;  this  appeared  to  be  azote,  for  it  fu£- 
fercd  no  diminution  with  nitrous  gas,  nor  was  it  inflammable.  I  likewife  mixed  one  mea- 
fure of  this  compound  gas  with  two  of  nitrous  gas,  and  the  diminution  amounted  to  oho 
meafure ;  nearly  one  third  of  the  whole  was  therefore  oxygenous  gas,  the  remaining  two 
thirds  being  hydrogen  gas,  with  a  little  azoti. 

Having  found  that  the  folurioos  of  metals  in  acids  were  decompofed  by  this  influence, 
I  next  wifhed  to  afcertain  if  their  folutions  in  alkalies,  more  particularly  ammonia,  could 
be  decompofed  in  the  fame  way.  For  this  putpofe,  I  added  to  a  dilute  folucion  of 
the  nitrate  of  filver  fbme  pure  ammonia,  until  the  mixture  fmelled  ftrongly  of 
the  latter  fubftance.  This  mixture  was  introduced  into  a  glafs  tube  fecured  by  corks 
£*  the  ufual  way,  and  filver  wires  applied.    When  the  tube  was  placed  in  the  circle 
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of  communication,  a  very  rapid  production  of  gas  took  place  from  the  wire  connected  with 
the  filver  extremity  of  the  machine,  although  but  little  or  none  efcaped  from  the  zinc 
wire  during  the  whole  procefs. 

After  fome  time  a  quantity  of  greyifh  flacks,  evidently  metallic  Giver,  were  feparated  by 
the  wire  which  gave  out  the  gas,  and  a  dark  grey  powder  was  depofited  on  the  zinc  wire  -, 
at  this  period  of  the  procefs  much  lefs  gas  was  difengaged,  although  a  conflderable  quantity 
(till  appeared  at  the  filver  wire.     After  fome  hours  the  apparatus  was  removed;  at  this 
time  a  very  conflderable  quantity  of  metallic  filver  was  depofited,  and  the  zinc  wire  was 
encrufled  with  a  blueifh  black  fubftance.     On  endeavouring  to  remove  this  cruft  with  the 
finger  part  of  it  exploded,  although  dill  moid  :  the  wire  was  found  to  be  very  much  cor- 
roded, and  full  of  holes.     Next  morning  the  powder  which  adhered  to  the  wire  being  dry* 
was  touched  with  a  knife,  when  it  exploded  again,  with  a  very  con  fid  era  We  noife.     There- 
tan  be  little  doubt,  that  thefe  explofions  proceeded  from  the  fulminating  filver  of  Ber~ 
tholet,  which  mull  have  been  formed  at  the  zinc  wire ;  indeed  fome  effect  of  this  kind 
was  expected.    This  experiment  was  repeated,  and  in  Head  of  a  folution  of  filver  nothing 
but  pure  ammonia  was  introduced  into  the  tube,  which  anfwered  equally  well ;  for  the 
filver  of  the  zinc  wire  after  being  corroded,  &c.  was  immediately  taken  up  by  the  Vol. 
Alkali,  and  afterwards  depofited  in  its  metallic  form  by  the  filver  wire.     A  fmall  quantity 
of  a  fulminating  fubftance  likewife  adhered  to  the  zinc  wire;  and  the  fluid  furrounding  it* 
being  poured  into  a  wine  glafs,  depofited  after  {landing  for  fome  time,  a  black  fhining 
film,   which  when  dried,    detonated  like  Bertholet's  powder,    and  refembled  it  in  all 
refpects. 

Another  tube  containing  pure  ammonia  had  copper  wires  introduced  into  it ;  after  this 
had  been  fubmitted  to  the  action  of  the  machine  for  fome  time,  the  fluid  furrounding  the* 
zinc  wire  afiumed  a  fine  blue  colour  from  diffolved  copper,  and  die  filver  wire  began  to- 
depofit  metallic  copper*  this  procefs  continued  for  feveral* hours,,  when  a.  conflderable. 
quantity  of  very  pure  metal  was  precipitated  \  the  blue  colour  of  the  fluid,  however,  never 
extended  fo  high  as  the  end  of  the  filver  wire,  for  as  faft  as  it  afcended,  the  metal  was  imme- 
diately thrown  down  in  its  metallic  form,  by  this  wire*  I  next  filled  the  tube  with  an  ammo-* 
niacal  folution  of  copper,  and  employed  copper  wires.  In  a  very  Ouort  time  after  this  had 
oeen  expofed  to  the  action  of  the  machine,  the  upper  part  of  the  fluid  in  contact  with  the 
jfilver  wire,  became  confiderably  paler,  and  copper  was  precipitated ;  in  about  an  hour  the 
whole  of  the  fluid  in  this  part  of  the  tube  became  as  colourlefs  as  diftilled  water,  fo  com- 
pletely had  the  metal  been*  precipitated.  The  precipitated  metal  was  alfo  the  purcft  I  had- 
ever  feen.  From  thefe  experiments  it  would  appear,  that  the  galvanic  influence  might  be 
employed  with  fuccefs  in  the'  analyfis  of  minerals,  more  particularly  in  feparating  lead, 
copper,  and  filver,  from  their  different  folutions;  a  very  fmall  quantity  of  a  metal,  may 
likewife  be  detected  in  this  way,  as  I  have  found  from  direct  trial.  Before  I  finifh  thefe* 
observations  on  ammonia  and  ammoniacal  folutions,  I  (hall  give  the  refult  of  one  experi-. 
ment,,  where  the  vol.  alkali  itfelf  was  decotopofed.  . 
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A  quantity  of  pure  ammonia  being  introduced  into  a  bottle,  and  inverted  in  fome  of  the 
fame  fluid  in  the  manner  already  explained,  the  connecting  wire  on  the  zinc  Gde  was 
changed  from  (ilver  to  platina  ;  in  this  cafe  a  very  rapid  production  of  gas  took  place  from 
both  wires,  but  the  greateft  from  the  Giver  wire.  After  two  ounce  meafures  of  this  gas 
had  been  collected,  it  was  examined,  and  found  to  confiflt  of, 

Hydrogen  gas  -  -  -  15  parts 

Azotic  gas  -  -  1 3 

And  oxygen  gas  -  -  -  2  nearly*. 

3° 
Indeed  the  quantity  of  oxygen  was  fo  fmall,  that  it  could  only  be  detected  by  nitrous  gas, 

and  it  may  have  been  originally  contained  in  the  fluid.  In  this  cafe  the  ammonia  mult 
have  been  decomposed  at  the  zine  wire,  the  difengaged  oxygene  uniting  with  the  hydro* 
gen,  while  the  azote  of  the  ammonia  efcaped  in  the  form  of  gas,  and  mixed  with  the  hy- 
drogen difengaged  at  the  fame  time  from  the  Giver  wire. 

In  a  former  paper  I  mentioned  that  the  fulphuric  acid  was  decompofed  by  galvanifm, 
without  defcribing  however  the  particular  appearances.  A  quantity  of  the  concentrated 
fulphuric  acid  was  poured  into  a  tube  bent  in  the  form  of  the  letter  V,  two  flips  of  platina. 
were  introduced,  one  into  each  leg,  and  brought  within  an  inch  of  each  other  at  the  bend  ; 
the  tube  was  then  placed  in  an  inclining  pofition  with  the  bend  downwards,  and  the  platina 
flips  were  attached  to  the  extremities  of  the  machine. 

In  a  few  feconds  a  very  confiderable  quantity  of  gas  made  its  appearance  at  the  zinc  wire, 
and  continued  to  rife  during  the  whole  procefs ;  from  the  filver  wire  a  fmall  quantity  of 
gas  was  likewife  difengaged,  but  in  a  fhort  time  the  fluid  in  this  leg  of  the  tube  loft  its 
tranfparency,  and  became  milky  and  opake.  After  the  procefs  had  been  continued  for 
feveral  hours,  a  quantity  of  a  yellowifh  white  powder  was  depofited  on  the  filver  wire,  and 
the  fluid  (till  continued  muddy;  the  acid,  however*  in  the  other  leg,  not  only,  preserved  its 
tranfparency,  but  became  even  more  fo  \  it  likewife  had  a  peculiar  fmell,  fomewhat  like 
that  of  the  ox.  mur.  acid  when  very  dilute*  The  tube  being  removed,  water  was  added 
to  the  muddy  acid,  in  confequence  of  which  a  whitifti  powder  was  depofited,  which  was 
found  to  be  fulphur.  The  yellowifh  powder  depoGted  on  the  platina  flip  proved  likewife  to 
be  fulphur.  The  gas  obtained  during  this  procefs  was  not  particularly  examined,  it  was 
only  found  not  to  be  inflammable,  or  if  it  contained  any  inflammable  gas,  it  muft  have 
been  in  very  fmall  quantity. 

The  effects  of  this  influence  upon  the  nitrous  acid  were  not  exactly  what  might  have 
been  expected;  fome  of  this  fluid  in  its  molt  concentrated  and  fuming  (late,  being  intro- 
duced into  the  bent  tube  juft  defcribed,  and  the  platina  flips  applied,  very  little  or  no  gas 
was  difengaged- from  the  flips  or  wires,  of  either  fide,  nor  even  after  fome  time,  was  the 
appearance  of  the  acid  fenfibly  changed.  The  influence,  however,  was  perfectly  tranf- 
mitted>.£or  the  machine,  although  in  full  a&ion,  did  not  give  the  leaft  {hock  whilft  the 
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was  applied ;  bcfides  the  wire  on  the  zinc  fide  being  removed  from  the  plate,  and  plunged 
in  a  cup  containing  water,  whiift  a  topper  wire  reaching  from  the  cup  to  the  zinc  plate, 
.preferved  the  communication,  gas  iflued  copioufly  from  the  platina  wire,  and  the  copper 
was  corroded  as  ufual. 

The  acid  was  then  diluted  with  an  equal  bulk  of  water,  or  rather  more,  and  being 
again  introduced  into  thq  tube,  dill  very  little  gas  was  produced  on  either  fide.  From 
ihefe  fa&s  it  would  appear  djat  the  nitrous  acid  is  fo  perfe&  a  condu&or  of  this  influence 
as  to  tranfmit  it  like  metals,  without  being  at  all  aded  upon  by  it*  This  may  poflibly  be 
owing  to  the  great  proportion  of  oxygen  which  enters  into  its  compofition,  for  we  have 
already  remarked,  that  all  fluids,  containing  very  little  or  no  oxygen,  are  perfe£k  non- 
condu&ors,  or  nearly  fo ;  and  it  is  probable  that  the  conducing  fluids  are  more  or  led  fo 
in  proportion  to  their  quantity  of  oxygen. 

It  was  remarked  in  a  former  paper,  that  it  was  highly  probable,  the  nitrous,  or  fome 
other  acid,  was  produced  at  the  zinc  wire,  I  (hall  now  bring  forward  fome  additional  fa£U 
and  arguments  in  fupport  of  this  hypothecs. 

i  ft.  If  the  tinfture  of  litmus  be  introduced  into  the  bent  tube  already  mentioned,  and 
platina  wires  employed ;  after  fome  time  the  whole  of  the  litmus  in  the  leg  of  the  tube 
conne&ed  with  the  zinc  wire  will  be  rendered  perfe&ly  ted,  and  in  fome  places  the  colour 
even  partially  deftroyed,  a  well  known  eflfe&  of  the  nitrous  acid  on  blue  vegetable  in- 
fufions.  But  if  the  litmus  be  mixed  with  a  little  of  any  pure  alkali,  no  fuch  change  of 
colour  can  be  perceived. .  # 

adly.  All  metals  which  are  diflblved  or  a&ed  upon  by  the  nitrous  acid,  are  likewife  very 
.quickly  corroded  by  the  galvanic  influence ;  but  fuch  as  are  not  a&ed  upon  by  this  a? id 
are  not  at  all  afie&ed  by  this  influence.  Of  this  we  have  (hiking  examples  in  fiber, 
mercury,  gold,  and  platina;  the*firft  two  are  readily  a&ed  upon  both  by  the  nitrous  acid 
and  galvanifm,  but  the  two  laft  by  neither  in  any  fenfible  degree,  and  poflibly  not  at  all 
when  perfectly  pure.  Now  filver,  which  has  always  been  confidered  as  a  perfeft  metal, 
cannot  be  oxydatcd  by  any  of  the  ufual  methods,  any  more  than  gold,  yet  this  influence 
has  fully  as  great  an  effeft  upon  it,  as  upon  copper ;  which  we  conceive  may  be  explained 
<  in  the  following  manner :-— Let  us  fuppofe  that  a  little  nitrous  acid  is  produced  on  the 
furface  of  the  filver,  the  metal  mult  in  this  cafe  be  in  fome  degree  a&ed  upon  by  it,  and 
this  a&ion  will  neceflarily  difpofe  it  to  unite  with  oxygen,  which,  being  thus  in  its 
nafcent  ftate,  rauft  readily  combine  with  the  fihrer,  and  form  infoluble  nitrate  with  excefs 
of  oxyde,  which  will,  confequently,  be  but  little  foluble  in  water.  Now  that  this  ii  really 
the  cafe,  we  think  is  rendered  probable  by  the  following  experiments : 

A  fntall  wide  mouthed  bottle  was  filled  with  a  dilute  folution  of  pure  pot-aQi,  and 
inverted  in  a  cup,  containing  fome  of  the  lame  folution.  Two  filver  wires,  prevkmfly 
bent,  were  introduced  a  little  way  beyond  its  mouth,  and  then  eonnc&od  with  the 
machine  in  the  way  formerly  defcrihed.  A  very  rapid  produ&ion  of  gas  took  place  from 
both  wires,  and  a  few  black  flocks  wtae  perceived  floating  ia  the  fluid:  when  a  fuficient 
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quantity  of  gas  Was  thus  obtained,  it  was  examined,  and  found  to  eonfift  of  oxygen 
eleven  parts*  and  hydrogen  twenty-five*  parts  %  and  four  meafures  of  k  being  exploded 
by  the  electric  fpark,  tefs  than  half  a  meafure  remained,  or  about  one-ninth  of  the  whole* 
From  hence  it  is  evident  that  the  filver  was 'but  very  little  acted  upon  in  this  experi- 
ment, for  we  obtained  nearly, the  fame  quantity  of  oxygen  as  if  gold  or  platina  wires  had 
been  employed.  The  bottle  was  next  filled  with  diftilled  water,  and  the  fame  procefs 
repeated*  In  this  cafe  the  filver  was  much  corroded,  and  very  little  gas  efcaped  from 
the  zinc  fide ;  a  fufficient  quantity  of  gas  being,  however,  obtained,  rt  was  examined* 
and  found  to  confift  of  oxygen  one  part,  and  hydrogen  fix  parts.  This  mixture  did 
not  explode  without  the  addition  of  more  oxygen.  The  caufe  of  thefe  different  refutt& 
is  readily  explained  on  the  fuppofition  of  an  acid.  For  in  the  firft  experiment  the 
generated  acid  would  immediately  unite  with  the  alkali  in  preference  to  the  filver,  and  by 
this  means  the  principal  agent  in  the  oxydation  would  be  removed.  Similar  experiments 
were  made  with  copper  wires,  and  with  exactly  the  fame  refulrs  :  in  this  cafe,  when  the 
bottle  was  filled  with  the  alkali,  no  green  fubftance  was  produced  at  the  zinc  wire  ;  indeed* 
the  copper  was  fcarcely,  if  at  all,  acted  upon. 

3diy,  The  corroded  fubftances  generated  by  this  influence  aft  the  extremities  of  the  sine 
wires  are  not  pure  oxydes,  which,  upon  the  fuppofition  of  fimple  oxydation  they  ought 
to  be,  when  nothing  but  diftilled  water  is  employed.  We  have  remarkable  examples  of 
this  in  the  blueifh  green  fubftance  obtained  from  copper,  and  the  dirty  greeniih  yellow 
one  from  mercury,  the  lift  of  whfch  exactly  refembles  what  has  been  called  nitrous 
turbeth  when  too  much  wafhed  with  water,  and  if  pure  ammonia  be  added  to  it,  k  in- 
ftantly  becomes  black,  a  proof  that  it  contains  feme  acid,  for  ammonia  has  no  effect  uppn 
the  pure  oxyde  of  mercury,  but  a  confiderable  one  upon  all  the  impure,  rendering  them 
Mack,  as  torpeth  mineral,  &c.  With  regard  to  the  green  fubftance  from  copper,  k  is  very 
certain  that  we  have  no  pure  oxyde  of  this  colour,  for  all  the  green  oxydes,  as  they  have 
been  improperly  called,  contain  acids  of  fome  kind,  as  the  carbonic,  arienical,  acetous* 
&c.  and  it  is  well  known  that  the  precipitates  by  the  carbonated  alkalis,  &c.  are  all  of  thta 
kind.  Indeed,  there  is  but  one  pure  oxyde  of  copper,,  via.  the  dark  red,  or  deep  brown*. 
Now,  as  thefe  impure  oxydes  cannot  be  generated  without  an  acid,  and  as  there  cart  be 
none  in  diftilled  or  lime  water,  it  muft  follow,  that  an  acid  is  femehow  generated  in  the 
procefs;  and  as  this  acid  acts  both  upon  mercury  and  filver,  it  U  moft  probably  the- 
nitrous.  The  quantity,  however,  is  certainly  fmall,  owing,  in  a  great  meafure,  to  the 
weaknefs  and  imperfection  of  our  machines;  and  it  is  this  ckcumftance  which  renders  it 
to  difficult  to  detect  it  wkh  certainty. 

It  may  be  aflced,  how  can  this  acid  be  formed  ?  If  azote  were  a  compound  fubftance,  a* 
has  been  lately  affiemed*  this  queftion  could  be  very  readily  anfwered ;  but  if  not,  we 
muft  then  fuppofe  that  a  fmall  quantity  of  azote  is  always  prefent  in  water,  however  long 
fcoifed,.  ox  repeatedly  diftilled,  and  that  it  is  with  this  the  oxygen  in  its  nafecne  ftate 
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unites  and  forms  nitrous  acid.  The  produ&ion  of  ammonia  at  the  filver  wire  can  be 
explained  on  either  hypotheiis ;  but  we  {bail  take  another  opportunity  of  examining  this 
part  of  the  fubje&. 

The  new  apparatus  which  I  defcribed  in  a  former  paper,  feems  to  anfwer  better  than 

was  at  firft  expe&ed;  it  has  now  been  in  ufe  occafionally  for  a  month,  and  whenever* 

frefli  folution  of  fait,  or  muriate  of  ammonia,  is  introduced,  it  appears  to  be  fully  as 

►ftrong  as  at  firft.    The  addition  of  a  very  fmall  proportion  of  nitrous  or  muriatic  acid  to 

the  folucion  of  common  fait,  adds  confiderably  to  its  efficacy. 


V. 

Dtfcription  of  a  Mercurial  Air  Pump ;  and  of  a  Double-barreled  Air  Pump.     By  Richard 
Augustus  Clare,  Surgeon,  Jamaica.     Communicated  by  the  Author* 
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IG.  i,  PI.  XI.  reprefents  a  fe&ion  of  the  different  parts  of  the  pump;  A,  a  large  iron 
tube  (being  the  barrel  of  the  pump)  B  a  fmaller  ditto.  Thefe  tubes  are  flanched  to  the 
iron  ftep  C.  This  ftep  has  a  perforation  in  it,  making  a  communication  between  the  bot- 
toms of  the  tubes.  The  tube  B  is  furmounted  by  a  plate  of  iron,  on  which  is  flanched 
the  iron  hemifphere  D.  The  hemifphere  has  a  hole  at  top,  one-tenth  of  an  inch  in 
diameter,  with  a  cap  valve  and  bafon  at  £.  A  pipe,  b  by  of  iron  or  glafs,  is  inferted  through 
the  upper  part  of  the  hemifphere,  and  reaches  within  a  little  of  the  iron  plate  on  which  it  is 
flanched.  The  pipe  b  b  rifes  about  thirty- five  inches  above  the  level  of  the  bafon  E ;  it  is  re- 
verted at  top,  and  defcends  to  be  inferted  into  the  upper  part  of  the  piece  G,  which  has  a  flop 
cock  at  €y  leading  to  the  receiver.  To  the  lower  part  of  the  piece  G,  the  long  barometer 
gauge  d  is  attached,  the  lower  end  of  which  defcends  into  the  bafon  of  mercury  e.  F  is  a 
cylindrical  piece  of  light  wood  (which  I  (hall  call  the  pi  (Ion)  made  to  Aide  eafy  in  the  hollow 
cylinder  A.  There  is  a  fmall  (crew  at  ay  to  draw  off  the  mercury  when  required.  The 
valve  at  £  is  made  of  a  thin  iron  hoop  about  three-fourths  of  an  inch  long,  and  half  an 
inch  in  diameter ;  the  lower  end  of  this  hoop  is  covered  with  a  piece  of  bladder  in  the 
manner  of  a  drum.  The  valve  fits  loofely  into  the  cap,  which  has  three  grooves  on  the 
infide,  made  in  a  perpendicular  direftion  from  bottom  to  top.  The  ufe  of  thefe  grooves  is 
v  to  allow  the  mercury  to  rife  freely  by  the  fides  of  the  valve  hoop.  The  ufe  of  the  bafon  is 
only  to  contain  the  fuperflous  mercury.  To  try  the  power  of  this  pump,  let  the  pifton 
be  pu(hed  down  to  the  bottom  of  the  cylinder,  and  retained  there,  as  it  will  have  a  ten- 
dency to  rife  when  the  mercury  is  poured  in.  Take  the  valve  out  of  the  cap"  at  &,  and 
pour  mercury  into  the  bafon  till  it  rifes  as  high  as  the  top  of  the  cap,  then  thruft  down 
the  valve,  till  the  mercury  runs  over  the  top  of  its  hoop  and  fills  it.  The  fpecific  gravity 
d  the  hoop  fo  filled  will  be  little  lefs  than  that  of  mercury  itfclf.    Let  the  pifton  be  now 
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drawn  up,  the  mercury  will  fubfide  from  the  bottom  of  the  valve,  and  male  a  vacuum  in' 
the  hemifphere.  No  air  can  enter  by  the  valve,  as  it  will  be  always  (unrounded  by  and 
covered  with  mercury. 

When  the  mercury  finks  below  the  bottom  of  the  tube  b  b,  the  arr  will  enter  the  vacant 
hemifphere  from  the  gauge  or  receiver.  When  the  pifton  is  drpTeffed,  the  mercury  will 
again  rife  in  the  hemifphere,  and  clofmg  the  orifice  of  the  tube  b  3,  will  expel  the  vair 
through  the  valve  at  E.  The  mercury  will  (as  the  exhauftion  goes  on)  rife  in  the  tubes 
b  b  and  dt  and  thereby  indicate  the  degree  of  rarefa&ion,  but  it  can  never  rife  fo  high  as 
to  run  over  the  arch  of  the  tube  b  b%  becaufe  the  column  of  mercury  in  that  tube  will  be 
long  enough  to  balance  the  weight  of  the  atmofphere.  As  the  ofcillation  pf  the  mercury  in 
the  tube  b  b  is  apt  to  be  very  violent  if  not  reftrained,  a  fm all  cork  ball,  with  a  (hort  piece  of 
iron  wire  (truck  into  one  fide  of  it,  may  be  placed  under  the  orifice  of  that  tube,  the  iron 
wire  rifing  within  the  tube  as  reprefented  at  fig.  2.  This  ball  will  flW  on  the  mercury, 
and  being  thereby  prefled  tight  againft  the  orifice  of  the  tubes,  will  prevent  the  mer- 
cury from  rifing  too  fall,  or  producing  any  fudden  ofcillation  therein.  The  drawings 
and  description  of  an  air  pump  on  this  principle,  reduced  to  a  very  portable  fize,  were  fent 
to  Mr.  Adams,  mathematical  inftrument  maker,. of  Charing-crofs,  London,  in  the  be- 
ginning of  the  year  1796,  who  deemed  the  execution  of  it  impracticable.  Bei^g  informed 
of  this,  I  defired  the  drawings,  &c.  might  be  laid  before  Mr.  Nairne  5  who,  though  he 
offered  to  make  the  inftrument,  gave  it  as  his  candid  opinion  that  it  would  not  anfwer  my 
purpofe  to  the  full  extent  of  my  wifties.  I,  therefore,  dropt  the  idea  of  getting  an 
inftrument  of  this  kind  made  in  England,  on  account  of  the  great  diftance  and  length  of 
time  neceflary  to  carry  on  a  correfpondence  on  fuch  a  fubjeft. 

Mr.  Nairne  having  given  no  reafon,  however,  for  his  opinion,  except  that  it  would  coft 
a  great  deal  of  money*  I  was  refolved  to  attempt  the  fabrication  of  one  myfelf.  As  I  had 
no  means  of  getting  iron  pipes  made  to  the  fize  I  wiChed,  I  was  obliged  to  make  (hift  with 
what  I  could  get.  The  tube  A  A  was  of  caft  iron  (and  had  formerly  belonged  to  a  water 
pump)  cut  to  the  proper  length.  The  tube  B  B  was  a  gun  barrel,  and  the  reft  of  the 
inftrument  was  made  up  in  the  fame  way,  of  any  thing  I  could  pick  up.  Being  but  a 
bungling  workman,  however,  having  but  few  tools,  and  no  advice,  or  afliftance,  I  neyejr 
could  make  all  the  joints  perfectly  air  tight,  though  I  laboured  hard  to  effeft  it.        '  *- ""■*.*• 

I  am  fully  convinced,  however,  from  the  experience  I  have  gained  with  this  clumfy 
and  impcrfeft  inftrument,  that  it  would  anfwer  the  purpofe  if  it  were  well  conftru&ed. 

The  gfoateft  inconvenience  attending  the  ufe  of  it  was  occafioned  by  the  ofcillation  of 
the  mercury,  in  confequence  of  the  great  difference  in  the  diameters  of  the  tubes  through 
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which  it  moves. 
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Defer  tption  of  a  Double- barreled  Air  Pump, 

Fig.  2.  reprefents  a  fe&ion  of  the  pump,  &c.  where  A  and  B  are  the  two  barrels,  opea 
tt  top,  and  furnifhed  with  piftons,  which  are  worked  by  rack  and  wheel  in  the  ufual 
manner.  The  piftons  are  alike  in  each  barrel,  and  are  perforated  through  the  centre,  as  is 
the  folid  part  of  the  rack  alfo,  to  admit  the  hollow  wire  a  a  to  Aide  therein.  This  wire  is 
made  to  move  air  tight,  by  means  of  collars  of  leather  in  the  centre  of  the  pifton»  The 
wire  is  hollow  from  end  to  end,  and  is  fixed  to  the  centre  of  the  bottom  of  the  barrel* 
Near  the  upper  end  of  the  wire  a  hole  is  drilled  through  it,  at  right  angles  with  that  in  its 
axis ',  this  hole  is  at  fuch  a  diftance  from  the  bottom  of  the  barrel,  that,  when  the  pifton 
is  drawn  up*  the  hole  opens  into  the  barrel,  as  is  feen  in  the  barrel  B.  Each  pifton  is 
furnifhed  with  a  common  (ilk  valve  g,  opening  upwards.  The  hole  in  the  pifton  rack, 
through  which  the  wire  Aides,  is  fecured  at  top  by  the  ftop  fcrew  h.  The  barrels  are 
flanched  on  the  bottom  piece  c  cy  into  which  the  Aiding  wires  are  fixed  as  above  defcribed* 
The  hollow  wire  in  the  barrel  B  communicates  at  bottom  with  the  du&  d  b>  leading 
through  the  cock  r,  and  that  in  the  barrel  A  communicates  with  the  du£t  tf\  f  is  the 
hole  leading  back  to  the  receiver. 

The  cock  c  is  perforated,  as  rep'refented  in  the  figure,  and  has  a  motion  of  one  quarter 
of  a  revolution  to  the  left,  from  its  prcfci.t  pofition.  The  piftons  fhould  be  well  leathered* 
and  always  have  about  a  quarter  of  an  inch  of  oil  on  their  upper  furfaces*  The  operation 
of  this  pump  is  as  follows:—  Let  the  cock  ftand  as  reprefented  in  the  figure,  in  which 
fituation  it  opens  a  communication  between  the  receiver  and  the  barrel  B,  through  the 
dud  c  b  and  Aiding  wire,  when  the  pifton  is  drawn  up.  When  the  pifton  B  is  deprcfled, 
the  lateral  hole  in  the  Aiding  wire  is  Hopped  by  pafling  through  the  collar  of  leather,  and 
the  air  below  it  not  being  able  to  return  into  the  receiver,  is  expelled  through  the  valve  g 
in  that  pifton.  By  this  time  the  pifton  A  has  arrived  at  the  top  of  that  barrel,  and  the 
air  will  have  a  free  paflage  into  it  from  the  receiver,  through  the  hollow  wire,  &c.  On 
the  depreflion  of  this  pifton  the  air  below  ic  will  be  expelled  through  its  valve  g,  and  thu* 
by  the  alternate  elevations  and  depreflions  of  the  piftons  a  pretty  good  exhauftion  will  be 
made :  at  length,  however,  it  will  ceafe  to  take  more  air  from  the  receiver,  in  confequence 
of  the  fmall  quantity  of  air  in  the  valve  holes  and  under  the  piftons  that  cannot  be  expelled.. 
When  this  is  the  cafe,  let  the  cock  be  turned  one  quarter  round  to  the  left,  in  which* 
fituation  it  will  make  a  paflage  through  the  dutt  d  b,  at  the  fame  time  that  it  cuts  off  the 
communication  between  the  barrel  B  and  the  receiver,  and  the  little  air  under  the  valve,  &c. 
in  the  barrel  A  will  immediately  run  into  the  exhaufted  barrel  B  through  the  du£t  d  b  and 
hollow  wire  a  a.  The  pump  A  will  now  make  a  better  vacuum,  and  take  air  again  from 
lie  receiver,  which  will,  when  the  pifton  A  defcends,  be  transferred  to  the  barrel  B;  and, 
finally,  when  the  pifton  B  defcends,  the  air  will  be  expelled  through  the  valve  in  its. 

pifton* 
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pifton.  Thus,  by  only  turning  the  cock  one  way  or  the  other,  the  cock  is  mide  to  exhauft 
with  one  barrel  or  both.  When  it  exhaufts  with  one  only,  the  other  is  rendered  fub- 
fidiary  to  it  by  clearing  it.  of  air  after  each  ftroke. 

To  render  the  pump  more  eafy  in  working,  there  fhould  be  a  hole  in  the  bottom  of 
each  barrel,  furnifhed  with  a  (ilk  valve,  through  which  the  air  would  enter  during  the  firft 
ftrokes  of  the  pump.  The  Htuation  of  thefe  holes  are  (hewn  by  dotted  lines  in  the  figure. 
The  air  may  be  reftored  to  the  receiver  by  unferewing  the  Hop  lcrew  k. 

Being  foiled  in  all  my  attempts  to  procure  a  mercurial  air  pump,  I  turned  my  thoughts 
to  the  improvement  of  the  common  double  barreled  pump,  which,  ,1  believe,  was  invented 
byT)r.  Robert  Hooke ;  and  which  appeared  to  me  the  molt  fimple  and  convenient  form* 
provided  it  could  be  made  more  accurate  in  its  operation. 

The  refult  of  fome  thought,  and  various  experiments  made  to  this  purpofe,  was,  that 
in  theory  I  brought  that  pump  to  the  perfection  of  rarefying  permanent  dry  air 
248000000  times,  fuppofing  the  air  to  have  a  uniform  power  of  expanfion  to  fuch  a 
degree,  and  the  barrels  of  the  pump  to  be  twelve  inches  long  by  two  in  diameter.  The 
drawings  and  defcription  of  this  pump  are  now  in  the  hands  of  Mr.  Nairne,  who  is 
making  one  on  that  conftru&ion,  particularly  adapted  to  the  performance  of  chemical 
experiments  on  air.  I  have  been  purpofely  (hort  in  my  defcription  of  the  fcheme  here* 
with  fent  (which  differs  in  many  refpe&s  from  that  making  by  Mr.  Nairne)  as  I  purpofe 
giving  a  full  defcription  of  the  other  and  its  performance  (if  I  find  it  to  equal  thofe 
hitherto  contrived)  when  the  inftrument  comes  to  my  hands. 

Query,  does  the  lower  valve  of  Mr.  Cuthberton's  air  pump  increafe  the  power  of  that 
inftrument,  and  would  it  not  work  equally  well  without  it  ? 

My  reafons  for  fufpe&ing  the  utility  of  this  valve  are  the  following : 

Firft,  there  mud  always  be  a  quantity  of  air  above  the  pifton,  when  drawn  up,  that 
cannot  be  expelled* 

Secondly,  this  quantity  of  air  wirt  be  uniformly  the  fame,  whether  at  the  beginning 
or  end  of  the  exhauftion,  as  it  will  take  the  fame  force  to  open  the  expulfion  valve  at  one 
time  as  at  another,  and  this  air  muft  be  as  denfe  as  that  of  the  atmofphere  at  lead. 

Thirdly,  when  the  pifton  begins  to  defcend,  the  large  conical  valve  muft  thruft  out  of  . 
its  (hell,  before  that  at  the  bottom  of  the  barrel  can  poffibly  (hut,  for  the  (hutting  of  the 
one  depends  on  the  motion  which  caufes  the  opening  of  the  other. 

Fourthly,  when  the  pifton  begins  to  afcend,  the  valve  at  the  bottom  of  the  barrel  muft 
*  «pen  before  that  in  the  pifton  can  (hut,  for  the  reafon  above  ftated. 

Now  let  us  fuppofe  the  pifton  at  the  top  of  the  barrel,  when  the  wineh  is  turned  the 
large  conical  valve  will  be  opened,  before  that  in  the  bottom  of  the  barrel  can  (hut,  at 
leaft  there  will  be  an  inftant  when  both  valves  may  be  faid  to  be  half  open,  the  air  above 
the  pifton  being  much  denfer  than  that  below  it,  will  take  advantage  of  this  opportunity  to 
diffufe  itfelf  equally  through  the  barrel  and  receiver.    If,  however,  the  air  does  not  all 
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cfcape  at  tht  commencement  of  the  down  (broke,  it  will  have  another  opportunity  at 
the  commencement  of  the  up  ftroke,  for  then  the  bottom  valve  opens  before  that  in  the 
pifton  can  (hut,  and  the  air  in  the  barrel  will-  again  be  at  liberty  to  exert  its  fuperior 
fpringjo  get  back  into  the  receiver. 

It  is  with  the  greateft  diffidence  I  put  this  queftion,  having  the  higheft  refpcft  for 
Mr.  Outhberton's  abilities. 

If  I  have  advanced  what  is  erroneous,  or  if  I  have  miftaken  the  principle  of  the  inftru- 
ment,  I  beg  to  be  corrected  and  informed. 


VI. 

■ 

A  Memoir  y  in  which  the  Queftion  is  examined,  whether  Azote  be  a  Jimplc  or  compound 
Body?  By  Christopher  Girtanner,  DoSor  of  Phyfic  at  Gottitgc*. 

( Concluded  from  page  171.^ 
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ROM  this  experiment  we  fee  that  pure  hydrogen  gas  combines  with  the  oxygen  gas 
which  had  remained  in  the  lungs,  and  forms  azote  gas. 

16.  Another  experiment,  which  appears  to  me  to  confirm  my  opinion,  was  made  by 
Mr*  Henry  of  Manchefter.  He  repeated  it  feveral  times,  and  always  with  the  fame 
fuccefs.  His  explanation  of  this  phenomenon  may  be  feen  in  Scherer's  Journal,  which  is 
different  from  mine,  becaufe  he  confidered  azote  as  a  fimple  body.  His  experiment  is  as 
follows:— In  a  recurved  tube  over  mercury  a  mixture  was  made  of  94,5  meafures  of  car- 
bonated hydrogen  gas  from  acetite  of  pot-afh,  and  107,5  meafures  of  very  pure  oxygen  gas 
obtained  from  the  oxygenated  muriate  of  pot-a(h.  The  mixture  amounting  to  202 
meafures,  was  reduced,  by  an  eleflric  explofion  pafled  through  it,  to  1 28,5  meafures,  and. 
afterwards  by  lime  water  to  54,0  meafures.  So  that  in  this  experiment  23  meafures  of 
azote  gj»s  were  produced  by  the  eleflric  explofion  of  the  oxygen  united  with  the  hydrogen. 

17.  Of  all  known  bodies  zinc  is,  if  I  am  not  deceived,  that  which  mod  eafily  unites 
with  oxygen;  it  takes  it  from  almoft  every  other  body,  and  this  property  renders  it 
highly  ufeful  for  the  exhibiting  the  minuted  quantities  of  oxygen.  It  was  more  par- 
ticularly by  means  of  zinc  that  I  fuccceded  in  feparating  the  oxygen  of  the  muriatic  acid 
from  its  bafe.  I  have  likewife  ufed  it  to  make  the  lafl  ana) y (is  of  ammoniac.  Filings  of 
zinc  are  to  be  mixed  in  a  retort,  with  concentrated  fluid  ammoniac.  A  communication 
being  thus  made  between  the  retort  and  the  pneumatic  apparatus,  the  whole  being  kept  in 
digeftion  for  feveral  days,  taking  care  not  to  raife  the  heat  too  much,  the  ammoniac  is  de- 
compofed.  'The  oxyde  of  zinc  remains  in  the  retort,  and  in  the  pneumatic  apparatus  a 
Considerable  quantity  of  hydrogen  gas  is  obtained,  together  with  a  fmall  quantity  of 
apamoniacal  gas  and  of  undecorapofed  azote.    It  is  eafy  to  prove  that  the  hydrogen  gas,  was 

not 
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not  obtained  from  the  water  in  which  the  ammoniac  was  diflblved ;  becauCc  the  quantity  of 
the  gas  is  too  large,  and  that  of  the  azote  too  fmall,  to  admit  of  any  doubt  rofpcfting  the 
decompofition  of  the  latter*  ' 

Such  are  the  experiments,  from  which  it  appears  to  me,  that  we  are  juftified  in  co/i- 
eluding,  that  azote  is  a  compound  of  oxygen  and  hydrogen.  N  I  mud  refer  to  a  fecond 
memoir  for  feveral  other  experiments  no  lefs  decifive,  which  require  to  be  repeated  before 
I  fubmit  them  to  the  examination  of  thofe  accurate  and  enlightened  chemifts,  to  whom 
this  memoir  is  addrefled. 

Azote  being,  therefore,  if  I  am^not  deceived,  a  body  compofed  of  hydrogen  and  oxygen, 
it  follows : 

That  the  atmofphere  is  not,  as  has  been  hitherto  fuppofed,  a  mixture  of  oxygen  and 
azote  gafes,  but  rather  a  mixture  of  oxygen  and  hydrogen  gafes-,  water  in  form  of  gas, 
if  I  may  be  permitted  to  \ifp  this  expreffion. 

When,/  by  thofe  chemical  experiments  which  have  been  improperly  called  eudiometrical, 
the  oxygen  is  feparaced  from  the  hydrogen,  this  Reparation  can  never  be  totally  or  com* 
pletely  made.  Part  of  the  oxygen  remains  united  to  the  hydrogen,  and  forms  that  chemical 
combination  which  wje  call  azote,  and  obtain  in  thefe  experiments.  The  oxygen,  fo  in* 
difpenfible  for  fupporting  the  life  of  organized  beings,  is  changed  by  its  combination  into 
hydrogen,  into  azote,  which  is  not  only  incapable  of  fupporting  life,  but  is  a  true  poifop* 
in  .^onfequenccof  the  affinity  it  has  with  oxygen,  and  the  avidity  with  which  it  takes  it- 
from  organized  bodies.  v 

Oxygen  has  fo  ftrong  an  affinity  with  hydrogen  when  both  are  mixed  in  the  atmofphere, 
that  it  is  very  difficult  to  feparate  them  entirely,  and  hence  the  great  difficulty  of  anal y (in g 
azote*  When  charcoal,  fulp.hur,  alighted  candle,  or  the  metals,  have  ceafed  to  burn  in 
atmofpheric  air,  when  animals  have  perifhed  in  a  given  quantity  of  this  fluid,  the  re-, 
rnainder  Hill  contains  a  notable  proportion  of  oxygen.  Phofphorus  burns  in  this  refio'ue 
very  well,  and  for  a  confiderable  tirne  :  and  even  when  the  phofphorus  has  ceafed  to  burnr 
there  always  remains  a  fmall  quantity  of  oxygen  united  tcr  hydrogen,  that  U  to  fay,  there 
is  a  remainder  of  azote.  We  may,  nevcrrhelefs,  as  1  have  feveral  times  obferyed,  deprive 
the  atmofpheric  air  of  almoft  the  whole  of  its  oxygen,  and  render  the  analyfis  nearly  com- 
plete by  heating  phofphorus  in  it  for  a  certain  time.  Phofphorated  hydrogen  gas  is  the? 
obtained  by  the  change  of'paft  of  the  azote  into  hydrogen. 

From  the  experiments  here  recited,  it  follows,  that  the  eudiometer,  fuch  as  it  exifts  at 
pre  fen  r,  is  founded  on  erroneous  principles,  th£  azote  obtained  in  thefe  experiments  being 
always  a  product  of  the  operation,  which  did  not  exift  before  in  the  form  of  azote  previous 
to  the  examination.  Von  Humboldt,  who  is  much  difpofed  to  draw  general  conclusions 
from  infulated  fa£h,  appears  to  have  been  deceived  when  he  advances  that  the  earths  may 
be  ufed  to  determine  the  quantity  of  azote  contained  in  atmofpheric  air.  The  earths  do 
not  point  out  the  azotic  part;  but  change  a  portion  into  azote. 

a  Cultivated 
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Cultivated  earth,  brought  into  contaft  with  the  atmofphere,  abforbs  the  oxygen,  and 
forms  azote.  In  countries  fituated  near  the  poles,  and  on  the  top  of  the  Alps,  where  the 
earth  i*  always  covered  with  fnow,  the  atmofphcric  air  contains  a  greater  quantity  of 
oxygen  than  in  fouthern  or  low  countries,  becaufe  the  fnow  prevent?  the  air  from  coming 
into  conta£l  with  the  earth. 

The  con  ftituent  principles  of  azote  being  now  known,  we  are  enabled  to  form  a  new  theory 
of  the  art  of  making  nitre.  In  the  Annals  of  Chemiftry,  Vol.  XX.  I  obferve  fome  valuable  ob- . 
fervations  on  this  fubjeft.  For  inftance,  p.  313,  u  Earth  extra&ed  from  deep  fubterraneous 
*c  places,  inacceflible  to  the  light,  fuch  as  caverns,  requires  only  to  be  expofed  to  the  air 
"  a  few  days  to  produce  falt-petre  in  abundance.  It  is  proper  to  obferve,  that  thefe  earths 
4t  do  not  furnifh  a  fingle  atom  of  nitre  when  they  are  firft  taken  from  the  moift  and  dark 
41  place  where  they  were  formed  ;  and  that  it  is  only  by  combination  or  com  bu  ft  ion  of  the 
"  azote  of  the  earth  with  the  oxygen  of  the  atmofphere  that  this  fait  is  produced." 

The  explanation  which  is  given,  page  314,  of  that  interefiing  phenomenon,  is  a  proof 
how  diftant  we  were  from  the  truth  before  the  nature  of  azote  was  under  flood. 

As  lime  abforbes  oxygen  with  avidity,  we  fee  the  caufc  why  rooms  that  have  been 
newly  white-warned  are  unwholefome. 

The  following  bodies  are  combinations  of  hydrogen  with  oxygen  in  different  pro- 
portions: 

Azote.  Oxygenated  muriatic  acid. 

Gafeous  oxyde  of  azote.  Nitro  muriatic  acid. 

Nitrous  gas.  Water, 

Nitrous  acid.  Atmofpheric  air. 

Nitric  acid.  Ammoniac. 

Muriatic  acid* 
I  hope  foon  to  prove  that  pot-afli,  foda,  and  fulphur,  ought  to  be  added  to  that  lift. 
Phofphorus  appears  to  me  to  be  hydrogen,  in  the  pureft  date  in  which  we  are  acquainted 
with  it  j  but  this  I  am  very  far  from  having  it  in  my  power  to  prove.  The  analyfis  of  fixed 
alkalis  is  completed.  As,  however,  I  have  no  intention  of  faying  any  thing  upon  that 
fubjeft  in  the  prefent  article,  I  (hall  confine  myfelf  to  pointing  out  one  of  the  -decifive  ex- 
periments. When  an  alkali  is  fufed  with  filiceous  earth  to  make  glafs,  the  alkali  is 
analyfed.  The  hydrogen  efcapes  under  the  form  of  gas,  and  the  oxygen  becomes  comr 
bined  with  the  filiceous  earth ;  glafs  being  merely  an  oxyde  of  filex.  Too  great  a  quantity 
of  oxygen  (hould  not  be  admitted,  as  it  renders  it  lefs  tranfparent ;  for  this  reafon  it  is 
ufual  to  add  fubftances  which  ftrongly  attract  oxygen,  fuch  as  manganefe. 

Mr.  Mayer,  to  whom  I  had  communicated  the  tefult  of  my  experiments,  by  which  I  fo 
evidently  confirmed  an  idea  which  he  had  ventured  to  throw  out,  and  of  which  he  has  the 
merit  of  being  the  author,  fent  me  a  paper,  from  which  I  (hall  give  an  extraft  : 

c<  I  am  inclined,"  fays  he,  "  to  think  with  Mr.  De  Luc,  that  the  evaporation  of  water, 
*  as  it  continually  takes  place  on  a  large  fcale  in  nature,  U  a  real  converfion  of  the  water 

"into 


\ 


various  other  gqjecus  Fhsids.  'fi^r 

u  into  air.  It  iff  true,  that  we  have  not  been  able  in  our  laboratories  #  to  accomplifli  the 
w  changing  of  water  into  evaporation.  This  arifes  from  our  being  ignorant  of  the  (hare 
u  which  ele&ricity  and  light  have  in  this  natural  procefs.  Neverthelefs,  it  appears  pro- 
u  bable  to  rrfe,  that  the  ponderable  parts  of  atmofpheric  air,  that  is  to  fay,  oxygen  and 
"  azote  has  no  other  fource  than  the  water  with  which  the  furface  of  the  globe  is  covered. 
€i  The  very  fmall  quantiry  of  oxygenous  gas  which  is  exhaled  by  vegetables  by  means  ot 
"-the  fun,  is  far  from  being  able  to  repair  the  enormous  confumption  of  that  principle 
<c  which  daily  takes  place  in  our  atmofphere  in  fo  many  different  ways.  Now,  fuppofing, 
*'  according  to  this  theory,  that  100.  grains  of  water  are  changed,  by  the  unknown  procefs 
((  of  nature,  into  100  grains  of  atmofpheric  air,  that  is  to  fay,  into  a  chemical  mixture  of 
u  oxygen  and  hydrogen,  we  can  find,  by  a  very  fimple  calculation^  in  what  proportion 
"  oxygen  and  hydrogen  are  combined  to  form  the  azote  which  we  obferve  in  the  atmof* 
"  phere.  Let  us  not,  however,  forget  that  the  nature  of  what  we  call  azote  is  not  always  , 
'*  the  fame,  and  that  it  varies  confiderably  in  the  proportions  of  its  constituent  prin- 
u  ciplest» 

u  I  (hall  call  water  E,  oxygen  O,  hydrogen  H,  the  ponderable  part  of  the  atmofpheric 
"  air  L,  the  ponderable  part  of  azote  gas  S. 

"  Then  too  E  =  85  O  +  15  H. 

"  But  a  cubic  inch  of  atmofpherical  air  is  compofed  of  ^  of  a  cubic  inch  of  ga$» 
M  and  ^  of  a  cubic  inch  of  azote  gas;  therefore 

€€  One  inch  of  atmofpherical  air  weighs  o :  46  grams. 

<f  One  inch  of  oxygenous  gas  weighs  0.51  grains. 

"  One  cubic  inch  of  azote  gas  weighs  0.44  grains  ;  consequently 

0.46  L  =  °-  V  O  +  40.44  S. 

184  L  =  0.51  O  +    132  s.. 

184  L=     51  O  +     $32  & 

100   L  ^  27.8  O  +     72.2  S.. 
"  Azote  gas  being  a  compound  of  oxygen  and  hydrogen*. 

S  =r  *  O  +  y  H  ;  fo  that 

100  L  =  (27.8  -f  72.2  *)  O  +  2  v  H 
"  Now  nature  changes  100  grains  of  water  into  an  hundred  grains  of  atmofpherical! 
**  air  i  confequently 

ico  E  =:  100  L;  whence 
27.8     +    72-2  x  =  85,  and, 
72.27  =15; 

•  See,  however,  PriefHey,  in  Philof.  Journal,  IV.  193,  and  eIfewhere.---N. 

f  This  it  a.  very  important  point  upon  which  Mr.  Mayer  fixes  our  attention.  I  twill  be  necefiajy  to. 
make  a  great  number  of  rery  exact  experiments  to  determine  the  different  degrees  of  the  oxydation  of  hydio-- 
gc«,,  and  to  diftinguifli  tbt  overeat  gaies  comprehended,  till  now,  under  the  general  name  of  azote. gaa.. 

Then 
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Then  x  =r  o«79»  and  y  =  0.21  nearly. 
S  =  0.79  O  +  0.21  H,  or  100  S  =:  79  O  +  21  H. 
That  is  to  fay,  100  grains  of  azote  gas  are  compofed  of  79  grains  of  oxygen  and  2i 
cc  grains  of  hydrogen."  ,  * 

Having  applied  this  ingenious  calculation  of  Mr.  Mayer  to  other  oxydes  of  hydrogen,  I 
found  as  follows : 
Let  N  denote  the  nunc  acid :  we  know  by  experiments  that 

100  N  rr  79.5  O  +  20.5  S. 
Inftead  of  S,  let  us  put  its  value,  as  found  by  the  preceding  calculation,  and  #e 
'  ftail  havfc 

100  N  ~  79.5  O  +  20.5  (0.79  O  +  021  H)  =  Q5.7  O  +  4.3H  nearly. 
Thus  1 00  grains  of  nitric  acid  contain  nearly  96  grains  of  oxygen,  and  4  grains,  of  v 
*  hydrbgen. 

The  following  are  the  refults  of  the  fame  calculation : 

IOO  parts  of  ammoniac  ~  63.72  oxyg.  +  36.28  hydrog. 
100  parts  of  azote  =r  79.00  oxyg.  +  21.00  hydrog. 
100  parts  of  atmofph.  air  84.67,  oxyg.  +  '5-33  hydrog. 
100  parts  of  water  =  85.66  oxyg.  +  14.34  hydrog. 
ibo  parts  gafeoiis  oxyde  of  azote  =:  86.77  oxyg.  +  13.23  hydrog. 
loo  parts  of  nitrous  gas  =  93.28  oxyg.  +  6.72  hydrog.  '     / 

100  parts  of  nitrous  acid  =  94*33  °xyg-  +  5.67  hydrog. 
100  parts  of  nitric  acid  =  95*70  oxyg.  4.  4.30  hydrog. 
Are  then  oxygen  and  hydrogen  the  two  elements  of  which  all  the  bodies  in  nature  are 
formed.  It  appears  to  me  very  probable.  It  appears  alfo  probable  that  the  heavier  a  body 
is  the  mbre  oxygen  concentrated  and  deprived  of  caloric  it  contains,  and  that,  on  the 
contrary,  the  more  hydrogen  a  body  contains,  the  lighter  it  muft  be.  But  theft  are  only 
hypothefes  which  future  experiments  will  either  confirm  or  replete. 

It  feldoms  happens  that  the  two  conftituent  principles  of  azotic  enter,  as  Cmple  bodies, 
into  other  combinations ;  they  much  oftener  form  one  (ingle  ingredient  by  their  union  in 
different  proportions.  Coal,  or  the  oxyde  of  diamond,  is  found  in  many  bodies,  and  the 
diamond  itfelf  in  none  with  which  we  are  acquainted.  We  obtain  coal  in  our  chemical 
decompofitions,  and  never  the  diamond.  We  do  not  even  know  fuch  a  thing  as  diamantic 
-  or  'adamantic  acid,  although  carbonic  acid  is  familiar  to  us.  No  chemift  would  think  of 
affirming  that  we  exhale  diamond  in  the  aft  of  refpiration,  but  that  we  exhale  a  quan- 
tity of  coal.  The  diamond  itfelf  is  not,  perhaps,  a  firnple  body;  it  probably  contains 
oxygen  ;  fince  all  tranfparent  bodies,  if  I  miftake  not,  contain  more  or  lefs  of  it.  Azote, 
like  coal,  is  fufceptible  of  various  combinations  merely  a^  azote  \  as  a  compounded  prin- 
ciple* which  gives  to  bodies  properties  very  different  from  what  is  given  to  them'  by  the  . 
combination  of  the  two  (imple  principles  of  which  azote  is  compofed.  Azote,  as  a  con- 
ftituent principle  of  bodies,  is  ndt  hydrogen  and  oxygen,  but  azote:  exaftly  as  foap  is 
not  oil  and  aklali,  but  foap.     We  muft  never  lofe  fight  of  this. 

I  have 


various  othtr  gflJiottf:  Fluids.  gp^ 

I  have  obferved,  in  feveral  experiments,  that  fulphur  frequently  affumes  a  yellow* 
yellowiib,  or  orange  colour.  We  are  feldom  deceived  in  fuppofing  that  there  is  fulphur 
in  bodies  which  exhibit  that  colour.  Thofe  bodies  which"  contain  coal  are  of  a  black, 
brown,  or  a  violet  colour*  Azote  discovers  itfelf  by  a  green  colour.  Plants  (etiolees)- 
which  have  vegetated,  defended  from  the  air  and  light,  are  white,  and  contain  very  little 
azote*  Expofe  them  to  thefe  two  agents  for.  a  few  days,  they  affume  a  green  colour,  ^nd 
from  that  time  the  proportion  of  azote  in  their  compofition  becomes  much  more  con* 
fiderable.  When  nitrate  of  pot-afh  is  fufed  in  a  glafs  retort,  and  the  oxygen  gas  is, 
feparated,  it  is  obfervable  at  the  end  of  the  operation,  whilft  the  azote  is  forming,  that  is 
to  fay,  when  the  oxygen  has  a  greater  affinity  to  hydrogen  than  to  caloric,  that  the  green 
colour  appears,  and  the  reparation  of  the  oxygen  gas  entirely  ceafes. 

But  what  demands  the  attention' of  every  philofopher  is,  that  when  water  is  expofrd  to. 
the  fun,  the  light  decomposes  it,  and  feparates  the  oxygen  in  large  quantities.  The 
hydrogen  retains  the  laft  particles  of  the  oxygen ;  azote  is  formed,  and  announces  itfelf 
by  a  green  colour.  More  and  more  of  the  water  is  decompofed  ;  the  oxygen  (which  I 
have  already  (hewn  to  be  the  principle  of  life  and  irritability  in  organized  nature)  becomes 
more  fixed ;  and  this  azote,  produced  from  the  effeft  which  the  fun  has  upon  water, 
becomes  an  organized  body,  the  conferva  fontinalis,  a  plant  which  lives,  grows,  and  per- 
petuates its  fpecies.  Here  are  the  limits  at  which  philofophy  mult  flop — to  admire  and 
refpeft  the  fecrets  of  nature,  without  knowing  if  we  (hall  ever  be  permitted  to  penetrate 
them.  It  is  certain,  and  I  have  fatisficd  myfelf  refpefting  it  by  a  great  number  of  ex- 
periments in  which  I  have  been  engaged  every  fummer  for  the  fpace  of  more  than  twelve 
years,  that  the  influence  of  the  folar  light  is  abfolutely  neceflary  for  changing  the  water 
into  a  plant,  or  organized  azote.  No  degree  of  heat  can  fupply  the  place  of  it,  and  this 
experiment  alone  ought  to  be  fufficient  to  convince  every  unprejudiced  reafoner  that  heat 
and  light  are 'two  fubftances  totally  different.  I  am  furprized  that  this  green  matter  of 
Prieftley,  this  fontinalis,  to  which  I  have  given  the  name. of  organized  azote,  has  not 
engaged  more  of  the  attention  of  chemifts.  It  is  the  moft  wonderful  fubftance  which 
exifts,  the  moft  fingular  body  in  nature.  Nothing  can  be  more  abfurd  than  what  Prieftley 
has  faid  concerning  it.  To  roafon  as  he  has  done,  is,  indeed,  not  to  reafon  at  all.  This 
great  man,  whofe  name  will  live  as  long  as  the  fciences  fhall  be  cultivated,  has  made  the 
>  moft -eminent  difcoveries.  I  admire  his  talents,  but  I  am  forry  to  obferve,  that  in  all  his 
productions  he  appears  to  be  more  of  an  experimentalift  than  a  philofopher.  Whilft  with 
one  hand  he  unfolds  to  us  the  aftoniihing  fecrets  of  nature;  with  the  other  he  is  always 
ready  to  (hut  our  eyes  in  cafe  we  have  a  defire  to  penetrate  further  than  he  wiflies  us  to.  fee. 
In  the  difpute  which  he  maintained  with  Dr.  Ingenhoufz,  concerning  the  fubjeel  of  the 
green  matter  about  which  we  are  fpcaking,  he  has  given  a  ftriking  inftance  of  his  difin- 
clination  to  permit  the  wonders  of  nature  to  be  beheld,  except  through  his  ecclefiaftical 
perfpe&ive.  Ingenhoufz,  an  enlightened  chemift,  having  defcribed  feveral  experiments, 
worthy  the  attention  of  every  thinking  being,  relating  to  this  fingular  fubftance,  adds, 
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cc  Water  itfelf,  or  fomc  fubftance  in  watcri  is,  in  my  opinion,  changed  into  this  fpecies  of 
"  vegetation.  It  is  a  real  trahf mutation,  which  may  appear  incomprehenfible  to  a  phi- 
c(  lofopher,  but  which,  in  reality,  is  not  more  extraordinary  than  the  transformation  of 
"  grafs  and  other  vegetables  into  fat  in  thofe  animals  which  feed  upon  plants,  or  than  that 
<c  of  the  aqueous  juice  of  the  olive  into  oil." 

Water  is  changed  into  a  plant.  This  is  the  fa£L  Ingehhoufz  flops  there,  and  fays, 
I  do  not  comprehend  it ;  this  is  the  language  of  a  philofopher.  Prieftley,  on  the  con- 
trary, is  fcandalized  at  fuch  language.  He  aflcs  Ingenhoiifz  if  he  is  not  afliamed  to  with 
to  re-eftabli(h  the  long  refuted  do&rine  of  fpontaneous  generation  *. 

He  fpeaks  to  him  nearly  in  the  language  of  the  inquifitor  to  Galileo,  when  he  proved 
to  that  immortal  man  that  the  fun  turns  round  the  earth.  Prieftley  afterwards  gives  us 
his  own  theory  of  the  produ&ion  of  the  organized  azote.  He  fays,  that  the  feeds  of  this 
plant  float  every  where  in  the  air,  over  the  earth,  the  fea,  the  Alps*  the  low  ground,  at 
the  poles,  and  at  the  equator,  in  fummer,  in  winter,  and  in  every  (eafon,  and  that  they 
are  received  into  water  where  they  germinate.  But  organized  azote  is  produced  in  bottles 
well  flopped.  Dr.  Ingenhoufz  has  even  proved  that,  if  a  bottle  be  filled  with  well  water, 
and  reverfed  over  a  baGn  filled  with  water,  a  great  quantity  of  organized  azote  will  be 
formed.  Prieftley,  who  could  not,  without  attributing  a  fuperior  intelligence  to  the 
,pretended  feeds  of  this  plant,  maintain  that  they  came  through  the  water  purpofely  to  fix. 

•  Dr.  Prieftley  fayt,  that  the  theory  of  fpontaneous  generation  is  a  doctrine  long  fince  refuted.  ,Thefe, 
are  his  words :---"  Confidering  how  long  the  doctrine  of  equivocal,  or  fpontaneous  generation  has  been 
"  exploded/*  A  philofopher  rtiould  never  make  ufe  of  fuch  an  expreffion.  There  is  not  an  exploded, 
opinion  which  we  may  aot  recur  to  and  re-examine.  The  philofopher  acknowledges  no  authority  which, 
prohibits  him  from  admitting  any  opinion,  or  forbids  him  to  examine  it.  There  arc  many  other  opinfon* 
long  fmce  exploded  to  which  we  muft  now  have  recourfe.  That,  for  inftance,  of  the  tranfmutation  of* 
metals.  What  chemift,  of  the  prefent  day,  would  pre  fume  to  deny  the  poflibility  of  it.  The  change  of 
one  metal  into  another  mould  appear  lefs  difficult  than  the  changing  of  the  fweetcft  body  (fugar)  into  the 
foorelt  body  (the  oxalic  acid)  ;  than  the  change  of  the  hardeft  body  (the  diamond)  into  the  fofteft  body,  the. 
carbonic  acid  gas  \  or  than  the  changing  the  mo  ft  tranfparent  body,  the  diamond,  into  coal,  the  mod  opaque 
of  all  bodies.  In  the  nineteenth  century,  the  tranfmutation  of  metals  will  be  generally  known  and  prac- 
tifed.  Every  chemift,  eveiy  artift,  will  make  gold.  The  utenfils  for  our  kitchens  will  be  made  of  fi1ver* 
or  even  of  gold,  and  this  will  contribute,  more  than  any  thing  elfe,  to  prolong  life,  which  has  hitherto, 
been  poifoned  by  the  oxyde  of  copper*  lead,  and  iron,  which  we  daily  fwallow  at  our  meals.  There  will 
then  be  no  other  wealth  than  natural  wealth*  the  production  of  the  foil.  Artificial  wealth,  fuch  as  gold,, 
ftlver,  and  paper,  will  be  extinguished  in  the  hands  of  thofe  who  ihall  have  accumulated  them.  What  a 
revolution  in  fociety !  But  every  enlightened  chemift  will  agree  with  raex  that  this  revolution  is  not  only 
probable,  but  near. — Note  of  the  author. 

Though  I  have  no  remarks  to  offer  on  this  laft  aflcrtion  of  our  author,  I  cannot  forbear  remarking  that 
gold  and  filver,  though  much  ufed  as  figns  of  wealth,  or  tickets  of  commercial  transfer,  have  always,  and; 
more  efpccially  in  modern  times,  conftituted  a  very  fmail  portion  of  national  wealth.  If  gold  could  be 
rendered  as  cheap  as  iron,  the  efTclt  upon  the  wealth  of  fociety  would  be  incomparably  lefs  than  has  rrfulted. 
from  either  of  the  inventions  of  the  flocking  loom,  the  fgining  gear,  or  the  ftcam  engine,*-- N. 
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themfelves  into  this  bottle  which  was  prepared  for  them,  extricates  himfelf  by  making 
them  pafs  through  by  imperceptible  cracks  #.  Such  arc  the  means  which  are  always  ufed 
when  we  will  not  fee  that  which  is  too  obvious.  Thus  it  was  that  phlogifton  was  made  to 
pafs  through  crucibles,  and  azote  through  tubes  and  retorts. 

I  muft  obferve,  that  in  order  to  fucceed  in  thefc  experiments,  it  is  abfolutely  necefiary 
that  the  water  which  is  ufed  fhould  contain  gas  in  a  ftate  of  diflblution,  whether  it  be 
oxygenous  gas,  or  carbonic  acid  gas.  The  more  gas  it  contains,  the  greater  quantity  of 
organized  azote  will  be  formed. 

It  is  to  be  wilhed  that  the  change,  which  earths  undergo  from  the  oxygen  which  they 
abforb  in  decompofing  the  vapours  of  water,  were  attentively  inveftigated.  I  do  not 
doubt  but  that  fuch  an  inveftigation  would  lead  to  fomc  very  important  difcovcries. 

I  fubmit  thefe  ideas  to  the  enlightened  criticifms  of  thofe  illuftrious  Fiench  chemifts, 
the  editors  of  the  Annales  de  Chimie,  the  fathers  and  creators  of  this  fcience.  Before 
their  time,  chemiftry  was  only  a  crude  mafs  of  fafts,  ill  arranged,  and  worfe  explained. 


VII. 

An  Account  of  fomc  Experiments  made  with  the  Galvanic  Apparatus  of  Signor  Volta.     By 
Mr.  Davy,  Superintendent  of  the  Pneumatic  InfHtution.    Communicated  by  the  Author. 
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N  purfuing  a  courfe  of  experiments  on  the  galvanic  influence  I  have  made  fome  new 
obfervations.  They  are  connected  with  the  curious  fa&s  already  detailed  in  Mr.  Nichol- 
fon's  Philofophical  Journal,  and  they  may  poflibly  lead  to  elucidations  of  the  phenomena. 

The  apparatus  that  I  employed  was  conftru&ed  for  Dr.  Beddoes,  and  never  confided  of 
lefs  than  no  pairs  of  metallic  plates.  I  found  the  fenfible  galvanic  {hock  very  much  in- 
creafed  when  the  parts  communicating  with  the  concfu&ors  were  moiftened  with  folution 
of  green  fulphate  of  iron.  A  pile  ere&ed  with  pieces  of  cloth,  wetted  in  that  fubftance, 
a&ed  rather  more,  intenfely  than  a  Gmilar  pile  ere&ed  in  the  ufual  mode.  It,  however, 
loft  its  powers  in  a  fhorte*  time :  perhaps  a  folution  of  fulphate  of  zinc  may  be  employed 
with  advantage* 


a.  Struck  with  the  curious  phenomena  noticed  by  Meflrs.  Nicholfon  and  Carlifle  f, 
namely,  the  apparent  feparate  production  of  oxygen  and  hydrogen  from  different  wires,  or 
from  different  parts  of  the  water  compleating  the  galvanic  circle,  my  firft  researches  were; 
directed  towards  ascertaining  if  oxygen  and  hydrogen  could  be  feparately  produced  from 
quantities  of  water  not  immediately  in  contact  with  each  other; 

•  "  Through  fome  unperteived  fra&ure,"  Vol.  I.  p.  294.  "  The  feeds  of  tills  plant  infinuate  them* 
"  felvet  into  veflels  of  water,  through  the  froaJleft  apertures,"  p.  308. 

f  Philof.  Journal,  page  1S3,  Vol.  IV. 
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Two  filver  wires,  one  from  the  zinc  end  of  the  apparatus,  and  the  other  from  the  filver 
end,  were  made  to  communicate  with  two  glafles,  diftant  from  each  other  about  five 
inches,  and  filled  with  water  that  had  been  long  boiled,  and  was  yet  Warm.  Into  one  of 
thefe  glafles  I  dipped  the  fingers  of  my  right  hand,  and  into  the  other  the  fingers  of  my 
left,  fo  that  the  communication  between  them  was  made  through  my  body.  Immediately 
after  the  (hock,  the  zinc  wire*  began  to  calcine  very  foil,  white  clouds  diffufirig  them- 
felves  from  it  through  the  water.  At  the  fame  time  gas  was  formed  round,  and  extri- 
cated from  the  filver  wire  in  the  other  glafs.  The  communication  was  kept  up  for  half  an 
hour ;  during  this  time  no  gas  was  produced  from  the'  zinc  wire,  which  continued  to  cal- 
cine throughout  the  procefs.  The  gas  from  the  filver  wire  was  caught  in  a  fmali  inverted 
cylinder;  examined  by  the  teft  of  nitrous  gas,"  it  appeared  to  "contain  no  oxygen,  and  in- 
Hamed  with  twice  its  bulk  of  common  air,  gave  fuch  a  diminution,  as  denoted  it  to  be 
hydrogen  nearly  pure. 

This  apparatus  being  adjufted  as  before,  the  communication  between  the  glafles  was 
made  through  three  perfons ;  the  procefs  went  on,  though  lefs  rapidly ;  the  oxygen  was 
fixed  as  before  by  the  filver  in  one  veflel,  whilft  the  hydrogen  was  given  out  in  the  other. 
When  mufcular  fibre,  living  vegetable  fibre,  or  a  moiftened  thread  not  exceeding  three 
feet  in  length,  was  employed  as  the  medium  of  connection  between  the  -glafles,  fimilar 
eflfeds  were  produced,  though  the  gas  was  evolved  more  flowly  than  when  the  living 
animal  was  the  conned  or.  Mufcular  fibre  appeared  to  be  a  better  condu&or  than  vege- 
table, fibre,  and  vegetable  fibre  a  better  condu&or  than  the  moiftened  thread. 

b.  Several  glafs  tubes  about  y  of  an  inch  in  diameter,  and  four  inches  long,  having  each 
a  piece  of  gold  wire  inferted  into  one  end  hermetically  fealed,  and  the  other  end  open, 
were  provided.  Two  of  thefe  tubes  were  filled  with  diftilled  water,  and  inferted  into  fe- 
parate  glades  filled  with  that  fluid.  The  glafles  were  made  to  communicate  by  means  of 
frefli  mufcular  fibre;  the  gold  wires  were  connected  with  the  machine  by  means  of. filver 
wires;  one  with  the  filver  end,  the  other  with  the  zinc  end.  Gas  was  immediately  given 
out  from  both  the  gold  wires;  but  mod  rapidly  from  that  connefted  with  the  filver.  In 
four  hours  and  a  quarter  the  procefs  finifhed;  the  water  in  the  tube  communicating  with 
the  filver  being  below  the  gold  wire.  The  gafes  were  examined  ;  the  quantity  from  the 
water  communicating  with  the  zinc  was  equal  to  33  grain  meafures,  that  from  the  water 
conne&ed  with  the  filver  to  nearly  65  grain  meafures.  The  zinc  gas  was  mingled  with 
80  meafures  of  nitrous  gas,  containing  -£T  nitrogen ;  a  rapid  diminution  took  place,  and 
when  the  refiduum  was  expofed  to  folution  of  green  muriate  of  iron  f,  not  qui'e  five  mea- 

•  To  prevent  unneceffary  repetitions,  after  Mr.  Cruickihank,  I  have  called  the  wire  connected  with  the 
line  end  of  the  apparatus,  the  zinc  wire,  and  that  conife&ed  with  the  filver  end,  the  filver  wire. 

f  Solution  of  green  muriate  of  iron  rajwdiy  abforbs  nitrous  gas,  without  effecting  any  change  in  it  at 
common  ternperatuies,  and  it  is  pofielTed  of  no  action  on  gafes  not  abforbable  by  water,  and  incapable  of 
Aipporting  flame.  Solution  of  green  fulphate  of  iron  likewife  abforbs  m trout  gas  Without  decompofing  it# 
See  &ejcarth*  Gban*  &  ?b&  concerning  Wtreus  Oxide,  fagt  179.  '  John/In* 

'fiiise* 


Experiments  with  the  Galvanic  Apparatus.  +77 

feres  remained.  Hence  the  33  meafures  of  gas  evidently  contained  more*  than  31  mea- 
ftres^P  Oxygen.  The~6i  meafures  in  the  other  tube,  gave  with  nitrous  gas  a  diminution 
but  bately  perceptible,  and  fired  after  the  abforption  of  the  nitrous  gas  by  the  ele&ric 
fpark,  with  60  meafures  of  oxygen,  left  a  refiduurn  nearly  equal  to  36  meafures;  hence 
the  gas  was  hydrogen  almoft  pure. 

c.  There  was  every  reafon  to  foppofe,  that  the  flight  diminution  produced  by  the  mix- 
ture 6f  the  hydrogen  with*  nitrous  gas  in  the  laft  experiment,  as  well  as  the  refidual  gas  of 

:the  dxygen,  were  owing  to  common  air  held  in  folution  by  the  diftillcd  water,  and  given- 
but  from  it  during  the  procefs.  To  afcertain  if  the  gafes  could  be  obtained  perfe&ly  pure, 
when  water  deprived  of  its  loofcly  combined  air  by  boiling  was  employed.     The  two  tubes 

*were  filled  with  water  that  had  been  boiled  for  more  than  eight  hours,  and  that  was  yet  fo 
hot  as  to  be  painful  to  the  fingers;  rhe  glaffes  were  filled  with  water  of  the  fame  kind,  and 
the  procefs  conducted  as  before  ;  the  tubes  being  fufrered  to  cool  before  the  communica- 
tion was  made,  gas  was  given  out  very  rapidly  from  the  water  connected  with  the  filver;: 
but  very  flowly  from  that  conne&ed  with  the  zinc.  During  the  whole  of  the  procefs,  m> 
globules  of  air  formed  on  the  fides  of  the  tubes,  as  in  the  laft  experiment.  In  five  hours, 
the  tube  connected  with  the  filver  contained  56  grain  meafures  of  gas  That  connected! 
with  the  zinc  contained  only  14  meafures.  The  56  meafures  gave  no  diminution  with* 
nitrous  gas,  and  appeared  by  the  teft  of  detonation,  to  be   pure  hydrogen.     The  14  mea* 

*futes  tried  by  the  refts  mentioned  in  the  laft  experiment,  appeared  to  be  oxygen,  mingled: 
with  no  perceptible  quantity  of  other  gas.     In  this  experiment,  as  in  the  laft,  the  gold 

'wires were  not  apparently  acted  upon,  nor  was  their  color  in  the  flighted  degree  altered;, 
the  deficient  proportion  of  oxygen,  there  was  every  reafon  to  believe,  was  owing  to  the 
abforption  of  that  gas  in  the  nafcent  (late  by  the  boiled  water.  Boiled  water  was  now  ex- 
pofed  to,  and  agitated  in  oxygen  over  mercury,  till  it  was  judged  to  be  faturated  with  that 
gas.  The  tube  connected  with  the  zinc  was  filled  with  this  water;  the  other  tube  was 
filled  with  common  boiled  water.     The  garvanic  procefs  was  continued  feven  hours.     In? 

'this  time  the  water  connected  with  the  zinc  had  givenout  27  grain  meafures  of  oxygen,, 
apparently  pure  ;  from  the  water  connected  with  the  filver,  57  meafures  of  hydrogen  had> 

4ibeen  extricated. 

d.  Having  thus  ascertained  rhat  oxygen  and  hydrogen*  nearly  in  the  proportions  required; 
to  form  water,  could  be  feparately  produced  from  quantities  of  water,  having  no  commu- 
nication with  each  other,  except  by  means  of  the  dry  metallic  conductors  and  mufcular 

"fibre.  I  next  endeavoured  to  afcertain,  if  the  contact  of  the  metallic  wires,  with  the 
metallic  plates  of  the  apparatus,  were  eflfential  to  the  effect.  The  conducting  ends,  i.e.. 
the  filver  and  zinc,  were  made  to  communicate  with  two  glafles  of  waters  by  means  x>£ 

'  two  unconnected  pieces  of  mufcular  fibre.     A  piece  of  filver  wire  was  made  the  medium 
of  connection  between  the  glafles.     Immediately  after  the  connection,  I  was  fur  prized  by 
feeing  that  end  of  the  wire  in  the  water  communicating  with  the  filver  calcining ;.  whilft: 
gas  wa&  given  out  from  that  part  of  it  in  the  veflcl  communicating  with  the  zinc  ;  as  was 

the. 
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the  cafe  in  the  broken  circuit  defctfbed  by  Mr.  Nicholfon.  When  the  tubes  witk  goM 
wires,  conne&ed  by  (ilver  wires,  were  employed,  oxygen  was  given  out  in  the  water  con- 
ne&ed with  the  filver,  and  hydrogen  in  that  commnnicating  with  the  zinc.  In  none  of 
thefe  experiments  could  any  produ&ion  of  gas  from  the  mufcular  fibre  be  perceived  3  but 
the  parts  expofed  to  the  water  became  whiter  than  before. 

When  (the  glafles  being  conne&ed  with  the  apparatus  by  mufcular  fibre)  the  communi- 
cation between  them  was  made  through  my  body  by  means  of  the  gold  wires  in  the  tubes; 
one  being  in  contact  externally  with  my  right  hand,  the  other  with  my  left,  oxygen  was 
produced  as  before  in  the  glafs  conne&ed  with  the  filver,  and  hydrogen  in  that  conne&ed 
with  the  zinc.  When  I  made  the  communication,  holding  a  filver  wire  partly  plunged 
into  the  water  conne&ed  with  the  £lver,  in  my  right  hand,  the  fingers  of  my  left  hand 
being  in  the  other  glafs,  the  filver  wire  became  flowly  oxydated,  and  no  gas  was  percep- 
tibly given  out  in  either  of  the  glafles.  When  on  the  contrary,  I  introduced  my  hand  into 
the  filver  glafs,  and  the  wire  into  the  zinc  glafs,  gas  was  given  out  round  the  wire,  no 
oxydation  took  place,  and  no  gas  was  extricated  in  the  filver  glafs. 

.  When  the  glafles  were  made,  to  communicate  both  with  the  machine,  and  with  each 
othei;,  by  means  of  mufcular  or  vegetable  fibre ;  and  metallic  wires  introduced  into  either 
or  both  of  the  glafles,  and  wholly  or  partially  covered  with  water,  no  gas  was  given  out 
from  them,  and  no  apparent  chemical  change  took  place. 

Reafoning  on  this  feparate  produ&ion  of  oxygen  and  hydrogen,  from  different  quan- 
tities of  water,  and  on  the  experiments  of  Mr.  Henry,  junr.  on  the  a&ion  of  galvanic 
ele&ricity  on  different  compound  bodies  *,  I  was  led  to  fuppofe,  th'at  the  conftituent  parts 
of  fuch  bodies  (fuppofing  them  immediately  decompofable  by  the  galvanic  influence)  might 
he  feparately  extricated  from  the  wires,  and  in  confluence  obtained  diftin&  from  each 
other. 

a.  I  filled  two  of  the  fmall  tubes  mentioned  in  b.  1.  with  ftrong  folution  of  cauftic 
pot-afh,  and  inverted  each  of  them  in  a  glafs  filled  with  the  fame  fubfiance ;  the  glafles 
were  made  to  communicate  with  each  other  by  means  of  mufcular  fibre,  and  the  gold 
wires  in  the  tubes  conne&ed  with  the  ends  of  the  pile.  Gas  was  produced  much  more 
rapidly  in  this  procefs  from  both  wires,  than  in  the  experiment  with  fimple  water.  In 
three  hours  no  depofition  had  taken  place  in  either  of  the  glafles,  nor  were  the  gold  wires 
fenfibly  a&ed  upon.  The  gas  given  out  in  the  tube  conne&ed  with  the  zinc,  meafured 
exa&ly  37  grain  .meafures,  and  proved  to  be  oxygen  abfolutely  pure,  for  with  80  meafures 
of  nitrous  gas,  containing  about  -^  nitrogen,  it  diminiflied  to  lefs  than  3  meafures.  The 
gas  given  out  in  the  tube  conne&ed  with  the  filver,  was  equal  to  rather  more  than  72 
grain  meafures.  It  gave  no  diminution  with  nitrous  gas,  and  two  20  grain  meafures  of  it, 
fired  with  rather  more  than  one  20  grain  meafure  of  oxygen,  containing  about  ,06  nitro- 
gen, left  a  globule  of  air  hardly  perceptible. 

•  Phil.  Journ.  Vol,  IV,  p.  214* 
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Surprized  at  thefe  refults,  which  proved  that  no  decomposition  of  pot-afti  had  taken 
place,  and  that  that  fubftance  in  this  mode  of  operating,  only  enabled  the  galvanic  influ- 
ence to  extricate  oxygen  and  hydrogen  more  rapidly  from  water,  I  was  induced  to  operate 
upon  this  fubftance  in  the  way  of  direft  communication.  Two  gold  wires  were  pafled 
through  holes  in  the  fide  of  a  fmall  glafs  tube  clofed  at  one  end,  and  cemented  fo  as  to  be 
diftant  about  the  eighth  of  an  inch*  This  tube  was  filled  with  folution  of  pot-afh,  and 
inverted  in  glafs  filled  with  the  fame  fubftance;  the  gold  wires  were  made  to  communicate 
with  the  ends  of  the  pile.  Gas  was  produced  rapidly  from  both  wires,  but  mod  from  the 
filverwire;  the  gold  was  not  atted  upon,  and  no  depofition  took  place.  When  near  a 
quarter  of  a  cubic  inch  of  gas  had  been  colletted,  it  was  transferred  to  a  detonating  tube, 
and  fired  by  the  elettric  (hock  over  mercury,  it  gave  a  vivid  inflammation,  and  left  a 
globule  of  air  not  equal  to  T%  of  the  whole  quantity. 

b.  Solutions  of  cauftic  ammoniac  were  expofed  to  the  galvanic  influence  in  the  two 
tubes  with  gold  wire,  and  con  netted  by  mufcular  fibre.  Gas  was  given  out  very  {lowly 
in  the  tube  con  netted  with  the  zinc,  and  the  gold  wire  was  evidently  atted  upon,  being 
in  fome  parts  corroded,  and  in  other  parts  covered  by  a  yellow  depofit.  In  the  tube  con- 
netted  with  the  filver,  gas  was  given  out  more  rapidly,  and  the  gold  was  not  altered  in  ^ 
appearance.  In  five  hours  the  gas  in  the  zinc  tube  was  equal  to  5  meafures,  and  proved 
to  be  a  mixture  of  nearly  3  oxygen,  and  2  of  nitrogen.  The  gas  in  the  filver  tube  mea- 
fared  31  grains,  and  appeared  to  be  hydrogen,  mingled  with  a  minute  quantity  of  nitrogen. 

I  repeated  this  experiment  feveral  times,  to  afcertain  if  after  the  folution  of  ammonia  had 
been  long  galvanized,  the  proportion  between  the  gafes  would  be  different.  The  gas 
given  out  in  the  zinc  tube  was  always  to  that  in  the  filver  tube  nearly  as  1  to  6,  but  the  quan- 
tity of  oxygen  appeared  to  increafe  towards  the  end  of  the  procefs.  A  quantity  of  folu- 
tion of  ammoniac,  the  fame  as  that  ufed  in  the  experiment  expofed  to  heat  in  a  mode  de- 
fcribed  in  Reftarch.  Chem%  &  Phil,  page  241,  readily  produced  T'^  of  its  bulk  of  unab- 
forbable  gas,  which  gave  no  diminution  with  nitrous  gas,  and  appeared  to  be  nitrogen. 
In  every  experiment  yellow  depofit  was  formed  upon  the  gold  in  the  zinc  tube ;  muriatic 
acid  poured  upon  fome  of  this  yellow  depofit  flowly  diflblved  it,  a  little  nitrogen  being 
given  out  during  the  folution. 

When  a  folution  of  cauftic  ammoniac  was  expofed  in  the  filver  tube,  and'  water  in  .the 
zinc  tube,  the  gold  wires  were  not  perceptibly  altered,  and  oxygen  was  given  out  in  the 
zinc  tube  and  nydrogen  in  the  filver  tube,  nearly  in  the  proportions  required  to  produce 
water.  When  oti  the  contrary  water  was  connettcd  with  the  filver,  and  folution  of  am* 
moniac  with  the  zinc,  hydrogen  was  produced  from  the  water;  the  zinc  gold  wire  was 
corroded,  and  the  mixture  of  oxygen  and  nitrogen  to  the  hydrogen,  as  fix  to  one,  (one 
to  fix  ?)  was  produced  as  before. 

c.  Concentrated  fulphuric  acid  was  gal  van  ifed  in  the  double  tubes  con  netted  by  muf- 
cular fibre.  The  gold  wire  in  the  zinc  tube  was  not  diflblved  or  corroded,  and  in  a  great 
length  of  Hrne  41  meafures  of  gas,  which  proved  to  be  pure  oxygen,  were  given  out  from 
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it.  But  little  ga$.  was  given  out  in  the  filver  tube,  the  acid  in  it  was  clouded  with  a  white 
fubftance,  which  v(zs  evidently  fulphur  ;  it  was  perpetually  produced  round  the  point  of 
the  wire.  15  meafures  of -gas  were  evolved,  which ,  gave  rather  greater  diminution,  fired 
with  oxygen,  than  pure  hydrogen ;  hence  th$y  might  poffibly  have  been  partially  iulphu- 
rated  hydrogen. 

When  folution  of  cauftic  pot-a(h  was  put  into  the  filver  tube,  and  fulphuric  acid  into 
the  zinc  tube,  pure  hydrogen  was  difengaged  in  the  filver  tube,  and  pure  oxygen  in  the 
zinc  tube ;  the  fame  phenomena  took  place  when  water  was  employed  inftead  of  folution 
of  pot-aflu 

When  water  was  connefted  with  the  zinc,  and  fulphuric  acid  with  the  filver,  the  pro- 
ducts were  the  fame  as  when  pure  fulphuric  acid  was  ufed  in  both  tubes.  When  very 
diluted  fulphuric  acid  was  employed  in  both  tubes,  oxygen  and  hydrogen,  nearly  in  the 
proportions  required  to  form  water,  were  feparately  evolved. 

d.  The  tubes  were  filled  with  pure  folution  of  muriatic  acid,  and  the,  communication 
made  as  before*  No  gas  was  given  out;  in  the  zinc  tube,  and  the  gold  in  it  was  very  much 
corroded;  30  meafures  of  pure  hydrogen  were  collected  in  the  filver  tube,  the  gold  in 
which  was  not  perceptibly  a&ed  upon.  When  water  was  made  to  communicate  with  the 
zinc,  and  muriatic  acid  with  the  filver,  neither  of  the  gold  v/ires  were  a&ed  upon,  and 
22  meafures  of  oxygen  were  colle£ted  from  the  water,  and  41  of  hydrogen  from  the  mu- 
riatic acid.  When  water  was  conne&ed  with  the  filver,  and  muriatic  acid  with  the  zinc, 
the  fame  phxrtomena  took  place,  as  when  pure  muriatic  acid  was  ufed  in  both  tubes. 

e.  Concentrated  folutions  of  nitric  acid  were  galvanifed  in  the  tubes,  19  meafures  of 
pure  oxygen  were  produced  in  the  zinc  tube.  A  globule  of  gas  only,  not  equal  to  half  a 
meafure,  was  produced  in  the  filver  tube,  and  the  acid  became  gjeen  on  the  cop.  The 
globule  of  gas  did  not  diminiQi  with  oxygen,  it  was  too  fmall  to  be  tried  by  other  tefts. 
The  gold  wires  were  not  adled  upon. 

When  nitric  acid  was  conne&ed  with  the  zinc,  and  water  with  the  filver,  oxygen  and 
hydrogen  were  feparately  produced.  When  water  was  conne&ed  with  the  zinc,  and 
nitric  acid  with  the  filver,  oxygen  was.  given  out  from  the  water;  no  gas  was  given  out 
from  the  acid,  and  it  became  green. 

In  the  experiments  on  the  fulphuric  and  nitric  acids,  it  is  molt  probable,  that  the  acids 
were  decompofed  by  the  nafcent  hydrogen  in  the  filver  tube.  In  the  experiments  on  the 
nniriatic  acid  and  ammoniac,  the  deficiency  of  the  oxygen  in  the  gold  tube  moil  probably, 
partly  arofe  from  the  oxydation  of  the  gold,  in  confequence  of  what  may  be  called  pre- 
difpofing  affinity.  In  thefe  procefies,  none  of  the  compound  bodies  appear  to  have  been 
immediately  decompofed  by  the  galvanic  Influence. 

The  difference  between  my  refults  and  thofe  of  Mr.  Henry,  may  be  accounted  for  from 
the  difference  between  our  modes  of  operating;  I  fufpeft,  however,  that  on  repeating  his 
experiment  on  the  folution  of  pot-afli  under  new  circumftances,  that  ingenious  chemift 
will  find  reafons  for  altering  his  conclufions  with  regard  to  the  decomposition  of  the  alkali. 

Judging 
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Judging  from  the  rapidity  with  which  the  gafes  were  extricated,  folution  of  pot-afh 
would  Teem  to  be  a  better  conductor  than  water,  water  a  better  conductor  than  folution  of 
ammoniac,  and  folution  of  ammoniac,  better  than  either  of  the  three  mineral  acid9.  Pof- 
fibly  phofphoric  acid,  and  other  acids,  may  be  decompofed  when  expo  fed  to  nafcent  hy- 
drogen, produced  under  the  galvanic  influence.  If  the  ratio  between  the  quantities  of  the 
oxygen  and  hydrogen  produced  from  the  different  wires,  be  always  the  fame,  whatever 
fubftances  are  held  in  folution  by  the  water  connected  with  them,  this  nafcent  hydrogen 
will  become  a  powerful  and  accurate  inftrument  of  anaiyfis. 


vnr. 

Defcription  of  the  Machine  for  kneading  Doughy  which  is  made  life  of  in  the  Public  Bake- 
Houjes  of  Genoa  j  from  a  Model  pre finted  to  the  Patriotic  Society  of  Milan  ♦. 

T 

X  HE  drawings  in  Plate  XII.  reprefent  the  machine  for  kneading;  the  parts  being  re- 
gularly numbered,  i.  A  wooden  frame  upon  which  the  gudgeon  of  the  arbor  of  the 
wheel  is  fupported.  2.  A  ftrong  wall  of  three  and  a  half  palms  f  thick,  through  which 
the  arbor  paffes.  3.  Another  wall  of  the  fame  kind  at  the  diftance  of  21  palms.  4.  The 
arbor,  30  palms  long,  and  iy  palms  thick.  5.  A  large  wheel  turning  on  the  arbor*  Its 
diameter  is  28  palms,  and  its  width  for  admitting  two  men  is  5  pounds.  6.  Steps  within 
the  wheel  to  afford  foot  hole  for  the  men.  They  are  {of  a  palm  high,  and  2  palms  afun- 
der.  7.  A  concrete  cog  wheel  near  the  end  of  the  arbor,  and  of  the  diameter  12?  palms. 
8.  A  bar  or  beam  of  wood  parallel  to  the  arbor,  proceeding  from  one  wall  to  the  other,  21 
palms  in  length,  and  iy  in  thicknefs.  9.  Another  beam  of  the  fame  dimenfions  not  vi- 
fible,  becaufe  on  the  oppofite  fide  of  the  arbor  •,  but  its  relative  (ituation  may  be  feen  in  the 
fhadow  upon  the  wall.  10.  A  crofs  piece  near  the  wall  3,  which  connects  the  two  pieces 
8  together,  and  fupports  the  extremity  of  the  arbor.  Its  length  is  14  palms,  and  its  thick- 
nefs i7.  ii.  Another  crofs  piece  of  the  fame  defcription  near  the  fir  ft  wall,  but  not  vi- 
fible  on  account  of  the  interpofition  of  that  wall.  12.  A  ftrong  curved  piece  attached  to 
the  pieces  8,  9.  It  receives  the  pivot  of  the  upright  arbor,  which  carries  the  lantern 
pinion  and  kneaders.  Its  clear  length  is  14  palms,  and  its  thicknefs  \{  palms.  13.  The 
lantern  pinion,  in  diameter  $\  palms,  and  height  1^.  14.  The  arbor  to  which  is  affixed  a 
ftrong  crofs  of  wood.  15.  The  crofs  formed  of  two  bars  of  wood  unequally  divided,  in 
fuch  a  manner  as  that  the  four  branches  are  of  unequal  lengths.  They  are  1  palm  wide, 
and  T7T  of  a  palm  thick.     16.  Four  wooden  pieces  or  kneaders  of  a  triangular  form,  fixed 

*  From  the  Italian  of  the  Atti  delta  Societa  Patriotica  di  Milano,  Vol*  II, 

f  The  Genoefe  palm,  which  is  dated  by  Dodfon,  in  his  Calculator,  at  9,780,  Paris  fo.  inches  of  our 
Aieafure. 
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in  each  branch  of  the  crofs  in  its  lower  face,  fp  that  they  revolve  in  the  trough  parallel  to 
the  arbor,  with  one  of  their  edges  foremoft.  Tbey  are  l\  palm*  bog,  and  £  a  palm  thick* 
17.  A  circular  trough*  or  barrel,  made  very  (bong,  and  well  hooped  with  Uon.  Its  dia- 
meter is  6  palms,  its  clear  height  i{  palms,  and  the  thickneCs  of  the  wood  i  of  a  palm. 

The  leaven  or  mixture  required  to.  be  kneaded,  is  made  in  a  wooden  trough  4  palm* 
long,  and  3  palms  by  the  fide  in  Which  it  is  carried  ta  the  kneading  milL 

The  adtion  of  this  mill  is  eafiiy  underftood.  When  the  men  walk  in  the  large  wheel, 
they  turn  the  kneaders  which  divide  and  agitate  the  pafte  in  the  trough,  and  perform  the 
fame  effeft  as  is  commonly  produced  by  human  hands*  The  trough  contains  18  rubbr 
(  )  of  flour,  which  being  properly  mixed  and  raifed,  is  carried  to  the  mill  to  be 

kneaded,  where  in  a  quarter  of  an  hour  it  is  made  into  excellent  pafte.  But  the  date  of 
the  dough  determines  the  proper  time  for  taking  it  out,  according  to  the  judgment  of  the 
attendant  bajcer;  fo  that  it  may  take  a  little  more  or  lefs  time,  according;  to  qircum* 
fiances. 


IX. 

Cn  the   Ufe  of  Caoutchouc   in   ManufaBures%   and  on    the  Amelioration  of  Spirits  by 

Age.     By  J.  A. 

To  Mr.  NICHOLSON. 
SIR, 

Cfydt,  Aiiguft  19,  1800* 

JL  O  obferve  your  attention  to  the  ufeful  parts,  in  preference  to  the  mere  curiofitica  of 
philofophy,  has  given  me,  in  common  with  many  others,  grea.t  fatisfaAioq  :  and  I  dncercly 
hope  your  labours  are  proving  ufeful  to  yourfelf. 

Jn'No.  37,  of  your  inftrudtive  Journal,  I  obferve  that  Mr.  Howitfon,  an  old  ac- 
quaintance of  mine,  has  made  feveral  promifing  efiays  towards  obtaining  a  valuable  manu- 
fa&ure  by  covering  cloth  with  the  Eaft  Indian  caoutchouc.  In  confirmation  of  the  prac- 
ticability of  this,  f  have  to  mention,  that  I  have  had  an  opportunity  o£  knowing  that  ha.t» 
have  been  covered  with  it  in  South  America.  Capotas  (a  kind  of  cloaks  common  to  the 
Portuguefe  and  Spaniard*)  have  alfo.  been  covered  with  this  fubftance  ^  and  I  have  knowq 
capotas  made  in  Portugal,  and  feitt  to  liraail  for  this  exprefs  purpofc.  It  k  evident  that 
any  article  of  drefs  covered  with  caoutchouc  rnuit  be  perfeftly  impervious  to  wet  \  but  the 
weight  of  the  capotas  (which  it  was.faid  the  manufacturers  could  not  remedy)  was  fo 
enormous,  that  they  cquld  only  be  ferviceable  as  boat  cloaks, 

I  have  often  remarked  that  fpirits,  particularly  Weft  India  rum,  is  univerfally  admitted 

.to  improve  as  its  age  encreafes,  but  I  do  not  find  that  this  has  been  completely  and  phi- 

lofophically  accounted  for:  therefore,  through  the  medium  of  your  monthly  publication, 

I  ihould  be  glad  to  know  the  refult  of  any  refearch  that  may  have  been  made  into  the 

4  nature 
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TtMtt  *f  tHb  change.  YoWr  obferotions  on  this  fubje^  and  perhaps  thofe  of  forte  <rf 
yomr  cfcrtefyohderits  *rho  have  dirc&cd  their  Attention  this  way,  cannot  foil  to.  be  Very 
taterefting  fend  irfefol  to  tfte  Weft  Iridh  merchihts,  and  will  be  highly  gtatif ying  to 

SIR, 

*     Tour  humble  fervant, 

j.  A. 

JP.  S.  As  fexpofure  id  the  atrfiofphere  his  been  f otihd  to  produce  a  premature  old  age  in  - 
huh,  it  has  been  prefumed  that  it  was  caufed  by  evaporation ;  but  if  this  Was  the  cafe, 
reducing  the  ftrength  of  the  fpirit  with  Water  ought  to  have  an  efieft  nearly  fimilar. 
Whatever  may  be  loft  by  expofure,  I  have  formed  the  idea,  and  aih  clear  in  it  (though  I 
have  ohly  the  vague  evidence  of  the  fenfes,  without  any  chemical  experiment  oh  my  fide) 
that  a  great  pttrt  of  "the  improvement  fo  obfervable  atifes  from  fome  abforption.  At  lirfk 
I  thought  oxygen  w4s  abforbed ;  but  the  increafe  of  a  certain  oily  appearance  does  away 
thfc  idea.  It  has  alfo  occtire'd  that  (agitation  promoting  the  improvement)  the  particles  of 
liquor  tttay  undergo  fordc  mote  intiihate  combination  in  confequence  of  fomething  firrtilar 
to  fri&ibn.  The  particles  of  old  HqUor  having  been  kept  long  in  clofe  contact,  may  have 
been  by  that  means  more  aflimilatcd.  Thefe  ideas  are,  however,  quite  crude,  and  defertC 
little  attention. 


The  changes  which  take  place  in  ardent  fpirits  and  the  other  prbdu&s  of  fermentation 
by  keeping,  have  not  formed  the  fubjeft  of  direft  inveftigation.  How  far  the  flow 
re-a&ion  of  principles,  the  extrication  of  effential  oil  by  fubfidence  or  floating,  the 
abforption  or  combination  oxygen  from  without,  or  of  tannin  or  gallic  acid  from  the 
calk,  &c.  may  be  concerned,  can  only  be  collected  from  enquiry  among  intelligent 
dealers  in  thefe  articles.  I  (hall  take  the  firft  opportunities  of  doing  this,  and  ftating 
the  refults.— W.  N. 


X. 

Abftraft  of  a  Memoir -on  a  Method  of  ufing  the  Syphon  for  raifing  Water  in  the  Machine  of 

C.  Trouville.    By  Citizen  Proxy*. 

T 

A  O  a  tube  A  B  (Plate  IX.  fig.  4.)  of  any  form,  are  adapted  a  number  of  vertical 
branches  ;  One  of  them  terminates  in  a  refervoir  E,  filled  with  Water,  and  diftinguifhed  by 
the  na/ne  6f  the  great  afpirator,  and  the  others  lead  to  refervoirs  C,  full  of  air,  named  fmall 

afpirators.    Each  fmall  afpirator  communicates  by  its  tube,  fuppofed  to  be  filled  with  a 

»  .... 

*  Bulletin  de  la  Socieft  Philomatiquc,  II*  92. 

O  0  2  refervoir 
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refervoir  beneath,  which  is  open,  and  filled  with  water;  and  there  is  a  valve  opening 
upwards  at  the  lower  end  of  each  of  tliefe  tubes.  The  air  within  is  of  the  fame  denfity 
and  temperature  as  that  without ;  but  the  external  communication  of  this  included  air  is 
prevented  by  the  fides  of  the  engine  and  the  water  which  occupies  part  of  its 
interior. 

The  great  afpirator,  the  fmall  afpirators,  and  the  refervoirs,  placed  beneath  thefe  lad, 
have  all  the  form  of  vertical  prifms ;  the  fmall  afpirators  are  equal  and  fimilar,  and  the 
portions  of  tube  comprized  between  the  afpirators  and  their  refervoirs  are  of  equal  length. 

Things  being  in  this  fituation,  we  are  to  fuppofe  that  the  water  of  the  great  afpirator 
flows  out  by  the  orifice/,  and  it  is  required,  I.  what  will  be  the  depreflion  of  the  water 
when  the  fpring  of  the  included  air,  and  the  charge  of  the  water  on  the  orifice  of 
emiflion,  (hall  be  equal  to  the  weight  of  the  atmofphere $  2.  the  quantity  of  water  which* 
at  this  period,  fliall  have  rifen  in  the  fmall  afpirators ;  3.  the  requifite  dimenfions  of  the 
apparatus,  in  order  that  the  water  emitted  from  the  great  afpirator,  plus  that  raifed  in  one 
of  the  other  afpirators  may  be  a  determinate  part  of  the  water  which  a  fpring  of  known 
produft  affords  in  a  day  ;  and,  4.  the  proportions  of  the  fame  apparatus  which  (hall  give 
thegreateft  ratio  between  the  fum  of  the  volumes  raifed  in  all  the  fmall  afpirators,  mul- 
tiplied by  their  elevation,  and  the  volume  of  water  emitted  from  the  great  afpirator, 
multiplied  by  its  height. 

Formula  for  the  Solution  of  the  foregoing  Problem. 

Let  Qj=  the  volume  of  water  afforded  by  the  fpring  in  one  day. 

y  =  the  number  of  times  which  this  volume  of  water  contains  that  which  flows  from 
the  great  afpirator  from  the  inftant  of  its  being  filled  to  the  ceffation  of  its  efflux. 

e  =  the  height  of  the  great  afpirator. 

h  =  the  common  length  of  the  portion  of  pipe  comprized  between  a  fmall  afpirator  and 
*  the  refervoir,  whence  its  water  is  drawn. 

n  =  the  number  of  fmall  afpirators. 

s  =:  the  horizontal  fe&ion  of  each  fmall  afpirator. 

1  =  the  horizontal  fed  ion  of  the  lower  refervoir,  from  which  the  fmall  afpirator 
draws  the  water. 

S  =  the  horizontal  fe&ion  of  the  great  refervoir. 

V  :=  the  capacity  of  the  interior  parts  of  the  machine,  which  are  at  no  time  occupied  by 
water,  but  constantly  hold  air. 

A  =  the  height  of  the  column  of  water  which  meafures  the  total  preffure  of  the 
atmofphere* 

x  r:  height  of  the  water  above  the  orifice  of  emiflion  of  the  great  afpirator,  at  the 
moment  when  the  fpring  of  dilated  air  within,  -and  the  charge  of  water  on  the  orifice  of 
emiflion,  are  equal  to  the  weight  of  the  atmofphere* 

y  zz  the  correfpondent  depreflion  of  the  upper  furface  of  the  water  in  the  great  afpirator* 
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%  s  the  correfpondent  height  of  the  pri(m  of  water,  which  penetrates  into  any  one  of 
the  fmall  afpirators. 

Making  —  =K;  K  +  i  =  w;  Vw  +  Sm(A  +  r)  +  «/A=-A,  we  have 


A  +  j  A* — 4 SmK(n  h  s  +  Stnc) 
x  z=    — —      ■   ■       ^ N  ; 

2Siw  '    ' 

A 

and  affiiming  the  equation  ^  =  x ,  we  obtain  the  following  : 

A— (A— c)  \J/ 

x— h    _  A(>|/—  I)— b± 

z  ~     m      T  tn  -vj/ 

.  A  X 

V    = 


A— A— /71  2  A— <r+j? 

t  (A— •*«  2)  \J/— A 

$ 

which  relates  to  the  vertical  dimenfions.    With  regard  to  the  horizontal,  making  *  s 
V 


nsz 


.,  we  have, 


""        yz  72  (1 +/i  [*(%J/  —  1)+^]) 

Q  —  y  s  z         z 
S  = — —  =  y  »/(«(%!/—  t)+^). 

Laftly,  if  we  fuppofe  the  prifms  which  we  have  called  great  afpirators,  to  have  their   ' 

height  z=  the  value  of  2  here  found  *,  the  ratio  between  the  produft  of  the  height  of  the 

great  afpirator  by  its  expenditure,  and  the  produft  of  the  mafs  of  the  water  raifed  by  the 

c      Sy  +  J"  2 
height  to  which  it  is  raifed,  namely,-r-    ,   being  denoted  by  <p,  we  have  the 

formula. 

<p  =  JLja  (4,—  i)+4/  +  JLj. 

If  from  $  the  term  —  be  retrenched,  the  furplus  will  be  the  ratio  between  the  moving 

nh 

caufe  and  the  efie&  produced ;  and  the  lefs  this  ratio  differs  from  unity,  the  more  will  the 

effett  approach  the  maximum  of  value  of  which  it  is  capable.    It  is  requifite,.  in  order 

that  this  maximum  of  value  fhould  take  place,  1.  that  the  excefs  of  tn  beyond  unity,  and. 

the  height  fhould  be  diminifhed,  as  much  as  the  poffibility  of  execution  will  allow  }  and,  2. 

that  ^  (hould  be  determined  by  the  equation. 


*  =  -— J  1+   ,,*+«*«  I. 

A  —  mz\  v(a  +  l)A  J 
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The  theory  of  the  rnaehirie  oF  Cit.  f rouvitie  is  deduced  from  tile  preceding  formula, 
fuppofing  the  fpring  to  have  a  fall  equal  to  the  height  of  the  great  afpirator,  to  which  it 
fupplies  water ;  and  that  the  firft  fmall  afpirator  draws  from  the  fpring*  and  empties  itfelf 
into  the  refervoir  of  the  fecond  afpirator ;  that  this  difgorges  into  the  refervoir  of  the  third, 
and  fo  forth  \  all  thefe  effe&s  producing  each  other  by  appropriate  machinery. 


■■n.    i  * 


SCIENTIFIC  NEWS,  ACCOUNTS  OF  BOOKS,  Xc. 

Klaproth's  Analytical  Effays. 


i 


T  will  undoubtedly  afford  much  fatisfaftion  to  the  cultivators  of  philofophical  che- 
miftry,  to  be  informed,  that  a  tranilatkm  of  the  above  work,  by  the  learned  editor  of 
Gren's  Principles  of  Modern  Chemiftry%  is  in  the  prefe,  and  will  fhortly  appear. 


**■ 


Multiplication  of  Engravings  in  Relief 

Mr.  George  Gray,  of  Newcaftle  upon  Tyne,  has  prefehted  -me  with  fome  fpecimens  of 
a  very  ufeful  application*  of  the  art  of  taking  irhpreffions  in  foil!  or  leaf  metal.  They  con- 
lift  of  three  blocks ;  the  firft  about  three  inches  fquare,  containing  (ixteen  lines  of  pica 
italic,  formed  by  imprefling  a  leaf  of  tin  foil  upon  the  face  of  the  printers  types,  fet  up  in 
the  tlftnri  manner.  The  tin  foil  is  ftrengtttened  by  plarftcr  of  Paris  poured  into  the  conca- 
vity, to  the  thidknefs  of  a  tittle  inore  than  half  an  inch.  This  Mock  is  not  as  (harp  as  the 
type  itfetf  j  but  affords  impttfEoM  on  paper  perfo&lf  legible,  and  about  *s  neat  as  common 
ballads  are  ufually  printed.  The  fecond  is  afn  impreffion  taken  in  brafs  foil,  from  a  wood 
cut  of  Sewicke,  i{  inches  long,  and  near  \\  inch  broad.  A  folution  of  fal  ammoniac  was 
applied  to  the  concave  fide,  and  lead  then  poured  in,  which  confequently  adhered,  and 
gave  the  requifite  (trength.  It  is  v6ry  (harp,  but  the  face  has  been  bended  in  taking  off*; 
fo  that  it  is  not  eafy  to  print  from  it.  The  third  is  a  fmall  figure  of  a  (hip,  within  a 
bounding  line  of  three  quarters  of  an  inch  fquare.  It  is  made  in  the  fame  manner  with 
brafs  foil,  and  though  the  engraving  abounds  with  fine  ftrokes,  it  affords  an  impreflion 
Urffich  cOtrld  not,  I  think,  be  dttrnguiffcd  from  another  taken  froth  the  original. 

ft  may  perhaps  be  true,  that  this  srrt  i*  rstfher  inferior  to  the  frttfhftd  of  titoftMirtg  and 
cifting,  defcribed  at  page  63  ef  the  ftcond  Voitnrrt  of  rhfc  Journal.  Bit  it  r^fnitds  \6h  of 
preparation,  as  w*dl  as  of  (kill,  aCnd  with  fcttffe  rmptotcfnentj  Hi  tltfe  foil,  tfce  manipulations 
and  the  (lengthening,  may  probably  exceed  tne'OthCr  tftethod  in  prtferficm  tfntf  tflfetfc. 

Rational 
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Rational  Toys. 

I  give  the  following  from  a  paper  transmitted  to  me  j 

It  requires  but  flight  obfervation  to  be  fatisfied  of  the  utter  inutility  of  the  articles  with 
which  the  Toy-fhop  is  ufually  repleniQied.  And  on  clofc  refle&ion,  it  may  poffib'y  appear 
neither  {trained  nor  fevere  to  condemn  moft  play-things  as  worfe  than  ufelefs.  Their  gay 
appearance,  and  the  movements  which  they  are  fometime,s  contrived  to  perform,  doubtlefs 
raife  ftrong  and  fudden  defires  in  the  mind  of  children.  But  fatiety  as  quickly  follows.  l 
The  flufh  of  delight,  ariGng  from  the  firft  im predion,  cannot  but  be  tranfitory;  and  no 
fooner  does  the  little  poffeflbr  examine  into  the  ftru£ture  of  hi?  new  acquifition,  than  he 
flings  it  afide,  or  breaks  it  to  pieces  and  tramples  it  under  £oot,  as  if  to  revenge  himfelf 
upon  it  for  belying  the  promife  of  its  exterior.   . 

This  fucceflion  of  longing  and  loathing  is  a  more  ferious  evil  than  may  at  firft  be  appre- 
hended. If  Jt  be  true,  that  youthful  curiofity  cannot  he  frequently  baulked  with  impunity, 
every  fuch  difappointment  rj*ay  he  confidered  as  fome  advance  towards  dull nefs. 

We  often  meet  with  a  fpecies  of  toy  cajcu.la.ted  to  excite  furprize.  This,  if  not  liable  to 
the  fame  obje&ion  as  the  unmeaning  toy,  may  be  fufpe£te4  pf  foftering  a  difpofition  for 
petty  flratagcms,  by  which  a  connexion  between  pleafure  in  the  individual  who  plays  them 
eff,  and  pain  in  others  is  a  1  mo  ft  inevitably  eftablifhed. 

Ten  years  ago,  the  idea  of  fubftituting  models  of  machines  in  the  place  of  qrdinary  toys, 
fuggefted  itfelf  to  one  of  the  perfons  whofe  names  are  fubjoined  totheprefent  paper. 

Every  quality,  he  conceived,  which  diftinguifhes  models,  would  fecure  them  again  ft  neg- 
led  and  dcftru&ion,  the  merited  fate  of  toys.  The  knowledge  conveyed  by  the  mutual 
dependency  of  the  parts,  an,d  by  the  purpofe  of  the  whole,  would  be  laid  up  with  advantage 
and  might  be  revived  with  pleafure.  Whatever  improvement  the  underftanding  derives 
•from  mathematics,  would  more  agreeably  flow  front  well-con ftrucTred  models.  And  ma- 
thematics would  be  ftudied  with  more  fuccefs.  by  children  ^ccuftomed  to  fuch  models. 
They  would  roufe  the  faculty  of  invention,  and  confer  the  habit  c£  purfuing  trains  of 
thought  to  a  great  extent.  To  girls,  by  conveying  information  without  awakening  their 
fenfibility,  they  would  be  particularly  ferviceable*  From  this  tyajement,  the  utility  of  a  fet 
of  models  in  fchools  and  private  families  is  obviou,s.  It  is  equally  obvious  that  their  utility 
would  not  be  confined  to  young  people. 

This  fcheme  has  been  generally  approved  by  thofe  to  wham  it  has  been  mentioned. 
Different  perfons,  long  fince,  offered  to  advance,  money,  towards  its  execution.  Indeed,  in 
1796,  it  was  partially  carried  into  execution,  when  the  whole  defign  was  announced  under 
the  title  of  Rational  Toys,  in  a  letter  prefixed  to  Mr.  Donne's,  explanation  of  his  elementary 
mathematical  models.  Towards  its  compleat  execution,  however,  there  was  wanting  a 
perfon  well  informed  concerning  machine?,  ^nd  of  ready  mechanical  invention.  This  diffi- 
culty is  now  removed  by  the  pfFe*  of  Jvlr.  Robert  Weldon,  to  conduit  a  manufa&ory  of 
Rational  Toys. 

It  is  however,  rcquifite  tbaj  ?.  fupi  of  money,  fujftcient  to  fet  it  on  foot  be  advanced  ?  and 
to  fatisfy  fubferibers  (as  far  as  fuch  &cjftujpj(t!an£e  may  afford  fatisfa&ion)  that  they  are 

likely 
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likely  to  receive  an  adequate  return  for  any  fum  they  may  advance,  and  alfo  out  of  regard  to 
Mr.  Weldon,  the  perfons,  named  below,  have  agreed  to  a&  as  a  committee  of  fuperin- 
tendance. 

Soon  after  a  fufficient  fum  (hall  hare  been  fubferibed.  Mr.  Weldon  will  furnifh  the  fub- 
fcribers  with  a  lift  of  models  and  prices,  from  which  each  may  choofe  to  the  amount  of  his 
fubfeription.  A  description  and  drawing  will  accompany  the  models;  and  they  will  be 
contrived  fo  as  to  take  to  pieces,  and  its  name  will  be  fixed  to  each  part,  where  this  is 
practicable. 

Hereafter,  if  the  undertaking  profpers,  the  public  may  be  accommodated  with  fingle 
models.     But  at  prefent  to  fpare  the  committee's  time,  it  is  propofed  : 
•  I.  That  no  fubfeription  of  lefs  than  iol.  be  received. 
II.  That  every  fubfeription  not  exceeding  iol.  be  immediately  advanced.     Larger  fub- 
fcriptions  may  be  paid  by  inftalments  of  iol. 

Thefe  terms  may  ftartle  many,  even  opulent,  parents.  And  it  is  true  that  a  fet  of 
inftru&ive  models  will  require  a  greater  facrifice  than  has  been  cuftomary  in  education. 
But  as  public  opinion  on  this  fubje£t  is  daily  becoming  more  liberal,  it  may  begin  to  be 
felt  that  of  all  pofliblc  methods  of  confulting  happinefs,  to  fubtraQ  information  for  the 
fake  of  adding  to  fortune,  is  the  mod  prepofterous.  A  few  additional  hundred  pounds, 
well  laid  out  upon  the  boy,  may  more  improve  the  condition  of  exiftence  than  the  mines 
of  Potofi,  bequeathed  to  the  man.  The  ill-advifed  niggardtirfefs  of  parents  is  one  principal 
caufe  why  genius  has  fo  feldom  been  exerted  upon  the  means  of  early  inftru&ion,  and 
why  the  moft  difficult  of  all  occupations —that  of  forming  the  fyftem  of  thought  3nd 
feeling — has  been  fo  often  confided  to  perfons,  whofe  endowments  are  barely  adequate  to 
the  rudeft  mechanical  labour. 

COMMITTEE. 

THOMAS  ftEDDOES,  M.D.  Clifton. 

JOHN  BILLINGSLEY,  Efq.  Afliwick-Grove. 

WM.  CLAYFIELD,  Efq.  Briftol. 

BENJ.  HOBHOUSE,  Efq.  M.  P. 

JOHN  H.  MOGGRIDGE,  Efq.  Boyce-Houfe. 

JAMES  STEPHENS,  Efq.  Camerton-Houfc. 

JOHN  WEDGWOOD,  Efq.  Cote-Houfe. 

WM.  WYNCH,  Efq.  London. 

Subfcriptions  are  received  by 

SAVERY  and  Co.  Bankers,  Briftol. 

HOBHOUSE  and  Co.  Bankers,  Bath.  " 

WM.  REYNOLDS  and  Co.  Bankers,  Salop. 

SIR  JOHNCALL  PYBUS,  Bart,  and  Co.  Bankers,  London. 

SIR  JAMES  ESDAILE  and  Co.  Bankers,  London. 
*##  Letters  (poft-paid)  addreffed  to  Mr.  Weldon,  Pneumatic  Jnftitution,  Briftol,  will 

be  duly  attended  to. 
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ARTICLE    I. 

A  ProjeB  for  extending  the  Breed  of  Fine-wooled  Spanifh  Sheep,  now  in  the  PoJfeJJion  of  his 
Majesty j  into  all  Parts  of  Great  Britain,  where  the  Growth  of  fine  Clothing  Wools  is 
found  to  be  profitable*. 


A 


.FTER  experiments  had  been  tried  for  feveral  years,  by  the  King's  command,  with 
Spanifh  fheep  of  the  true  Merino  breed,  imported  from  various  parts  of  Spain,  all  of  which 
concurred  in  proving,  that  the  valuable  wool  of  thofe  animals  did  not  degenerate  in  any 
degree  in  this  climate,  and  that  the  crofs  of  a  Merino  ram,  uniformly  increafed  the  quan- 
tity and  meliorated  the  quality  of  the  wool  of  every  kind  of  fliort-wooled  fheep,  on  which 
it  was  tried,  and  more  particularly  fo,  in  the  cafe  of  the  South  Down,  Hereford,  and 
Devonfhire  breeds ;  his  Majefty  was  pleafed  to  command,  that  fome  Merino  fheep  fhould 
be  procured  from  a  flock,  the  character  of  which  for  a  fine  pile  of  wool,  was  well 
eftabliflied. 

Application  was  accordingly  made  to  Lord  Auckland,  who  had  lately  returned  from  an 
embaffy  to  Spain;  and  in  confequence  of  his  lordfhip's  letters,  the  Marchionefs  del 

*  This  paper  was  drawn  up  by  the  Right  Hon,  Sir  Jofeph  Banks,  Bart.  P.  R.  S,  &c,  at  whofe  expence 
it  has  been  lately  circulated. 
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Campo  di  Alange  was  induced  to  prefe  nt  to  his  Majefty  fire  rams  and  thirty-five  ewes, 
from  her  own  flock,  known  by  the  name  of  Negretti,  the  reputation  of  which,  for  purity 
of  blood  and  finenefs  of  wool,  is  as  high  as  any  in  Spain  :  for  this  prefcnt,  his  Majefty  was 
pleafed  to  fend  to  the  Marchionefs  in  return  eight  fine  Englifh  coach  horfes. 

Thefe  (heep,  which  were  imported  in  the  jrear  1792,  have  formed  the  bafis  of  a  flock, 
now  kept  in  the  park  of  his  Royal  Highnefs  the  Duke  of  York  at  Oatlands,  the  breed  of 
which  has  been  preferve/l  with  the  utmoft  car,*  and  att*  ntio*. 

The  wool  of  this  flock,  as  well  as  that  of  the  {heep  procured  before  from  Spain,  was 
acknowledged  by  the  manufacturers  who  faw  k>  to  be  to  all  appearance  of  the  very  firft 
quality,  yet  none  of  them  chofe  to  offer  a  price  for  it,  at  all  equal  to  what  they  themfelves 
gave  for  good  SpajnUh  w.ocA  left,  a$  they  Cud,  k  flumJduo*  prove  in  maeufa&ucc  fo 
valuable  as  its  appearance  promifed 5  it  became  neceffary,  therefore,  that  it  fhouftf  be 
manufactured  at  the  King's  expence,  in  order  that  abfolute  proof  might  be.  given  of  its 
actual  fitnefs  for  the  fabric  of  fuperfine  broad  cloth  ;  and  this  was  done  year  after  year, 
in,  various  manners,  the  cloth  always  proving  excellent;  yet  the  perfons  to  whom  the 
wool  was  offered  for  fale,  ftill  confini^d  iq  undervalue,  it,  being  prepoffeffed  with  an 
opinion,  that  though  it  might  not  at  firft  degenerate,  it  certainly  fooner  or  later  would 
alter  its  quality,  much  for  the^urfe. 

In  1796  it  was  refolved  to  fWl  the  woqI  at  the  prjee  that  fliould  be  offered  for  it,  in 
order  that  the  manufacturer*  themfelves  might  make  trial  of  its  quality,  although  a  price 
equal  to  its  real  value  fliould  not  be  obtained ;  accordingly,  the  clip  of  that  year  was  fold 
for  is.  a  pound,  and  the  clip  of  the  yeas  1 797,  for  2*.  6d. 

The  value  of  the  wool  being  now  in  fome  degree  known,  the  clip  of  1 798  was  wafhed 
in  the  Spaniih  manner,  and  it  fold  as  follows : 

The  number  of  fleeces  of  ewes  and  wethers  was  89 ; 

Which  produced  in  wool  wafhed  on  the  flieeps'  backs  -  295  lb. 

Lofs  in  fcowering  -  -  92 

Amount  of  fcowered  wool  -  203 

Which  produced*  RafKnos,  167  lb.  at  5/. perlb, 


RafRtios,  167  lb.  at  5/.  per  lb.  1 
Finos,        23,      at  3/.  bd.        V47/.  8/. 
Terceros*  13,      at;2/,  6</,       J 


Terceros*  13, 

The  clip  of  1799  wa$  managed  in  the  fame  manner,  and  produced  as  follows: 

The  number  of  fleece*  qf  ewes  and  wethers  was  101 ; 

Which  produced  tp  wool,  wsUhed  on  the  (heeps'  backs  -  346  lb* 

I*of&  in  fcowering  -  -  -  -  92 

Amount  of  fcowered  wool  -  -  -         .       254 

Which  produced,  Raffipos,  207  lb.  at  5/.  6<Lper  lb. 

Finos,       28,       stf  3/.  6d.  ^  63/.  14/.  6d. 

Tcrccros,  19,       at  2/. 


Tk* 
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The  ram's  wool  of  the  two  yean  fotted,  together  produced  as  Follow* : 

Quantity  of  wool,  Waihed  on  the  Itoeeps1  backs  -  3 14  lb. 

Lofs  in  fcowering  -  -  -  -  99 

Amount  of  fcowered  wool  -  •  -  215 

Which  produced,  Raffinos,  181  lb.  at  4/.  6d.  per  lb.  J> 

Finos,        22,      at  3/.  6d.  S  45/.  15/.  6J. 

Terceroe,   I2t      at  ax.  j 

It  is  neceflary  to  account  for  thefc  extraordinary  prices  by  dating,  that  in  the  year  1799, 
when  both  fales  were  effe&cd,  Spanifh  wool  Was  dearer  than  it  ever  before  was  known  to 
be ;  bat  it  is  alfo  proper  to  add,  that  $/.  6</.  was  then  the  price  of  the  beft  Spanifii  piles, 
and  that  none  were  fold  higher,  except  as  is  faid,  a  very  fmall  quantity  for  5/.  9*/. 

The  King  has  been  pleafed  to  give  away  to  different  petfons,  who  undertook  to  try 
experiments,  by  croffing  other  breeds  of  (beep  with  the  Spanifii,  more  than  one  hundred 
rams  and  forae  ewes :  in  order,  however,  to  make  the  benefit  of  this  valuable  improve- 
ment, in  the  ftaple  commodity  of  Great  Britain,  acceffible  to  all  perfons  who  may  choofe 
to  take  the  advantage  of  it,  his  Majefty  is  this  year  pleafed  to  permit  fome  rams  and 
ewes  to  be  fold,  and  alfo  to  command  that  reasonable,  prices  (hall  be  put  upon  them, 
according  to  the  comparative  value  of  >»ch  individual  \  in  obedience  to  which  it  has 
been  fuggefted,  that  five  guineas  may  be  confidered  as  the  medium  price  of  a  ram,  and 
two  guineas  that  of  a  ewe ;  a  fum  which  it  is  believed  the  purchafer  will  in  all  cafes  be 
able  to  receive  back  with  large  profit,  by  the  improvement  his  flock  will  derive  from  the 
valuable  addition  it  will  obtain. 

Though  the  mutton  of  the  Spanifh  (heep  was  always  excellent,,  their  earcafes  were 
extremely  different  in  (hape,  from  that  mould  which  the  fafltioh  of  the  pfefelit  day 
teaches  us  to  prefer  *  great  improvement  has  however  been  already  made  ih  this  article, 
by  a  careful  and  attentive  feleftion  of  fuch  rams  and  ewes  as  appeared  tooft  likely  to  pro- 
duce a  comely  progeny :  and  no  doubt  can  be  entertained,  that  in  due  time,  with  judicious 
management,  earcafes  covered  with  fuperfine  Spanifii  Wool,,  may  be  brought  into  any 
(hape,  whatever  it  may  be,  to  which  the  intereft  of  the  butcher,  or  the  caprice  of  the 
breeder,  may  chufe  to  affix  a  particular  value. 

Sir  Jofeph  Banks,  who  has  the  honor  of  being  intruded  With  the  management  of 
this  buGnefs,  will  anfwe*  all  letters  on  the  fubjeft  of  it,  addrefled  to  him  in  Soho- 
fquare.  The  rams  will  be  delivered  at  Windfor,  the  cWes  at  Weybridge  in  Surrey, 
near  Oatlands. 

As  thofe  who  have  the  care  of  his  MajeftyV  Spattifli  flock,  may  naturally  be  fup- 
pofed  partial  to  the  projeft  of  introducing  fuperfine  wodl  into  thefe  kingdom*,  it  has 
been  thought  proper  to  annex  the  following  notice,  in  order  to  fliew  the  opinion  heW  of  a 
fimilar  undertaking,  in  a  neighbouring  country,  where  individuals,  hoWever  they  have 
miftftken  their  political  intereft,  arc  rather  remarkable  for  purfuing  and  thoroughly  weigh* 
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ing  their  own  perfonal  advantage,  in  all  their  private  undertakings)  and  for  fagacity  in 
feizing  all  opportunities  of  improving,  by  public  edablifhment,  the  refources  of  their 
nation. 

FRENCH  ADVERTISEMENT. 

On  the  24th  of  May  lad,  an  advertifement  appeared  in  the  Moniteur^  giving  notice  of 
a  fale  of  two  hundred  and  twenty  ewes  and  rams  of  the  fined  wooled  Spanifh  breed, 
part  of  the  flock  kept  on  the  national  farm  of  Rambouillet;  alfo  two  thoufand  pounds  of 
fuperfine  wool,  being  the  prefent  year's  clip  of  this  national  flock,  and  one  thoufand 
three  hundred  pounds  of  wool,  the  produce  of  the  mixed  breeds  of  fheep  kept  at  the 
Menagerie  at  Verfailles. 

This  advertifement,  which  is  official,  is  accompanied  by  a  notice  from  Lucien  Buona- 
parte, Minifler  of  the  Interior,  as  follows  : 

"  The  Spanifh  breed  of  fheep  that  produce  the  fined  wool,  introduced  into  France 
"  thirty  years  ago,  has  not  manifeded  the  fmalled  fymptom  of  degeneration :  famples  of 
"  the  wool  of  this  valuable  flock,  which  was  brought  from  Spain  in  the  year  17869 
"  are  dill  preferved  and  bear  tedimony,  that  it  has  not  in  the  lead  declined  from  its 
"  original  excellence)  although  the  didrift  where  thefe  fheep  have  been  kept,  is  not  of 
"  the  bed  quality  for  fheep  farming;  the  draughts  from  this  flock,  that  have  been 
"  annually  fold  by  au&ion,  have  always  exceeded  in  value  the  expectation  of  the 
"  the  purchafers,  in  every  country  to  which  they  have  been  carried,  that  is  not  too  damp 
lt  for  fheep. 

44  The  weight  of  their  fleeces  is  from  fix  *  to  twelve  pounds  each,  and  thofe  of  the 
"  rams  are  fometimes  heavier. 

"  Sheep  of  the  ordinary  coarfe  wooled  breeds,  when  crofled  by  a  Spanifh  ram,  produce 
"  fleeces  double  in  weight,  and  far  more  valuable,  than  thofe  of  their  dams ;  and  if  this 
cc  crofs  is  carefully  continued,  by  fupplying  rams  of  the  pure  Spanifh  blood,  the  wool  of 
"  the  third  or  the  fourth  generation,  is  fcarce  didinguifhable  from  the  original  Spanifh 
"  wool. 
.  "  Thefe  mixed  breeds  are  more  eafily  maintained,  and  can  be  fattened  at  as  fmall  an 
<(  expence,  as  the  ordinary  breeds  of  the  country. 

"  No  fpeculation  whatever  offers  advantages  fo  certain,  and  fo  confiderable  to  thofe 
"  who  embark  in  it,  as  that  of  the  improvement  of  wool,  by  the  introdu&ion  of  rams 
"  and  ewes  of  the  true  Spanifh  race,  among  the  flocks  of  France,  whether  the  fheep 
"  are  purchafed  at  Rambouillet,  or  elfe where;  in  this  bufinefs,  however,  it  is  of  the 
"  greated  importance  to  fecure  the  Spanifh  breed  unmixed,  and  the  utmoft  precaution 
"  on  that  head  fhould  be  ufed,  as  the  avarice  of  proprietors  may  tempt  them  to  fub- 
"  ditute  the  crofled  breeds  indead  of  the  pure  one,  to  the  great  difappointment  of  the 
"  purchafer. 

*  This  muft  mean  fleeces  unwaihed,  or  in  the  yoke,  as  it  is  technically  termed. 
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-"The  amelioration  of  wool  at  Rambouillet  has  made  fo  great  a  progrefs,  that  in  a 
"  circle  from  twenty-four  to  thirty-fix  miles  in  diameter,  the  manufacturers  purchafe 
<c  thirty-five  thoufand  pounds  of  .wool,  improved  by  two,  three,  or  four  crofles.  Thofc 
"  who  wi(h  to  accelerate  the  amelioration  of  their  flocks  by  introducing  into  them  ewes 
<c  of  this  improved  fort,  may  find  abundance  to  be  purchafed  in  that  neighbourhood  at 
"  reafonable  rates." 


II. 

Defcriplion  of  an  Engine  for  raifing  Water  by  the  lateral  Motion  of  a  Stream  of  Water 
through  a  conital  Tube    In  two  Letters  from  Mr.  William  Closs. 

LETTER    I. 

To  Mr.  NICHOLSON. 

S  I  R, 

Daltotiy  Aug.  25,  1800. 


P 


ART  of  this  town  being  fituated  upon  a  dry  eminence  of  Hme-ftone,  the  inhabitants 
experience  confiderable  fatigue  and  inconvenience  in  providing  the  quantity  of  water 
which  is  indifpenfibly  neceffary  for  culinary  and  domeftic  purpofes.  There  are  excellent 
fprings  in  the  neighbourhood,  and  at  a  fmall  diftance,  if  taken  in  a  direft  line,  but  the 
neareft  road  to  return  is  deep  and  incommodious.  This  fituation  has  frequently  turned 
my  attention  to  the  contemplation  of  hydraulic  machinery  to  remove  the  inconvenience, 
and  I  doubt  not  it  might  eafily  be  done  by  various  methods,  as  a  dream  of  confiderable 
force  runs  very  near  the  fprings,  and  the  height  to  which  water  might  be  raifed  with 
confiderable  advantage  is  not  great :  but  this  is  not  the  object  of  my  communication. 

The  experiments  of  Citizen  Venturi  on  the  lateral  motion  of  fluids,  induce  me  to  think 
that  an  hydraulic  engin^,  operating  by  the  preflure  of  the  atmofphcre,  and  in  this  refpe£k  ' 
fimilar  to  that  excellent  one  invented  by  H.  Goodwin,  Efq.  *  may  be  brought  into  action 
by  this  principle.  With  this  view  I  have  made  fome  experiments,  and  endeavoured  ta 
reduce  my  ideas  into  the  form  of  an  engine,  which  I  expe&  to  fee  much  improved,  and 
of  which  I  fend  you  a  drawing  and  defcription. 

A  A,  in  Plate  XIII.  Fig.  1,  represents  a  refervoir  of  water,  kept  conftantly  full,  at  the 
fame  time  that  the  jet  B  is  running  full  under  a  confiderable  preflure. 

C  a  tube  fixed  into  the  bottom  of  the  fpherical  veflel  D,  and  pafling  up  to  fome  height 
above  its  middle. 

E  another  tube  fixed  into  the  bottom  of  D,  and  ending  near  its  top.  The  lower  part  of 
this  tube  is  bended,  and  the  extremity  of  it  is  introduced  into  the  fmaller  aperture  of  the 
conical  tube  B. 

F  a  pipe  to  empty  the  veflel  D,  when  filled  with  water. 

•  Philpf.  Journal,  IV.  163. 
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G  a  (mall  tube  paffing  through  the  tube  F,  and  iifing  to  near  the  top  of  D,  for  ad- 
mtflioa  of  air  to  quicken  the  defcent  of  water  out  of  that  veflel. .  Both  thefe  tubes  are 
ciofed  at  their  lower  ends  by  the  lever  L,  which  is  fixed  upon  a  cock  in  the  tube  E,  and 
has  a  weight  upon  one  end,  in  order  that  the  other  end  may  bear  againft  the  openings  of 
the  cubes,  at  the  fame  time  that  it  fupports  the  veflels  I,  which  is  fufpended  upon  it  by  a 
cord  or  wire.  The  upper  furface  of  that  end  of  the  lever  which  comes  in  conta£t  with 
the  tubes,  mult  be  covered  with  leather,  and  muft  prefs  againft  them  with  considerable 
force,  that  the  veflcl  D  may  be  perfeftly  tight  when  the  ends  of  the  other  two  tubes  are. 
placed  in  water. 

H  a  (mail  cittern,  provided  with  a  fyphon,  to  be  filled  with  water  from  the  refervoir  A, 
at  the  fame  time  with  D;  this  muft  be  done  by  regulating  the  cock  k,  upon  the  pipe 
which  fupplies  H  with  water. 

I  a  fmall  vcfTel  and  fyphon  fufpended  from  the  lever  L. 

The  operation  of  the  engine  will  be  as  follows  : 

The  refervoir  A  being  conftantly  full  of  water,  and  the  conical  tube  B  completely  filled 
at  its  wider  end  by  the  water  which  runs  out  of  A ;  the  force  of  the  lateral  motion  being 
encreafcd  by  the  form  of  the  tube  B,  and  a&ing  upon  the  end  of  E,  will  ratify  the  air  in 
D,  and  the  jsreflure  of  the  atmofphere  upon  the  furface  of  the  water  in  the  refervoir,  will 
caufe  part  of  that  water  terrific  in  the  tube  C  to  run  over  its  top  and  fill  D,  then  to  defcend 
through  E,  and  enter  the  dream  which  flows  out  at  B. 

When  D  is  full  of  water,  if  the  tubes  F  and  G  are  opened,  the  water  will  run  out ; 
therefore,  foon  after  D  is  full,  H  is  full  alfo,  and  the  fyphon  of  this  laft  veflcl  beginning  to 
empty  the  water,  fills  I,  which  overbalances  the  weight  upon  the  lever  L,  and  opens  the' 
pipes  F  and  G,  and  clofes  the  cock  in  E  :  the  column  of  water  in  C  immediately  defcends 
into  the  refervoir,  and  if  the  fmall  tube  G  be  full  of  water,  it  will  be  emptied  by  the 
defcent  of  that  column,  admit  air  into  D,  and  the  water  will  flow  out  at  F.  The  veflels 
D  and  H  will  be  empty  of  water  about  the  fame  time,  and  the  veflcl  I,  by  its  fyphon  foon 
after:  the  weight  upon  the  lever  L  will  then  clofe  the  tubes  F  and  G,  open  the  paflage 
through  E,  and  the  water  will  rife  into  D  as  before. 

If  the  water  (hould  defcend  through  E,  before  F  and  G  are  opened,  it  will  render  the 
cock  in  E  more  tight. 

Experiment  i.  The  veflcl  D  was  conftru&ed  of  a  cylindrical  form,  one  inch  and  three 
quarters  in  diameter,  and  two  inches  in  height,  without  the  tubes  F  and  G,  but  with  two 
holes,  one  to  let  out  water,  and  the  other  to  admit  air,  both  clofed  with  wooden  (toppers. 
The  tube  C  was  three-eighths  of  an  inch  infide  diameter,  and  the  tube  E,  one-fifth  of  an 
inch  in  its  internal  diameter :  this  laft  was  placed  within  the  tube  C  for  readinefs  of  con- 
ftruftion;  its  upper  end  was  flanted  off,  and  touched  the  top  of  D,  and  it  was  confined  in 
its  place  by  a  wedge  of  wood  thruft  into  the  bottom  of  C.  A  conical  tube,  nine  inches 
long,  one  inch  diameter  at  its  fmaller  end,  and  one  inch  and  three  quarters  at  its  wider  end, 
was  fixed  to  the  fide  of  a  refervoir  eight  inches  deep*  The  depth  of  the  water  in  the 
4  refervoir 
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refervoir  above  the  faaller  aperture  of  the  conical  tube  being  fix  inehea  and  a  half,  and 
the  water  which  tan  through  that  tube  completely  filling  its  wider  extremity ;  the  crooked 
end  of  the  tube  £  was  introduced  into  the  (mailer  aperture  of  the  conical  tube,  while  the 
bottom  of  C  was  two  inches  below  the  furface  of  the  water  in  the  refervoir  *  part  of  the 
water  immediately  rofe  fourteen  inches  in  C  and  filled  D ;  the  tubes  C  and  £  were  the* 
lifted  out  of  the  water,  and  D  was  emptied  by  taking  out  the  Hoppers.  The  experiment 
was  frequently  repeated. 

Experiment  a.  The  vcflel  D  was  made  fpherical,  two  inches  diameter,  the'  fame  tubes 
C  and  £  adapted  as  before.  The  two  tubes  F  and  G  were  added  to  this,  and  clofed  by  the 
finger  of  the  operator  when  water  was  raifed.  The  tube  £  being  lengthened  a  little,  was 
placed  within  the  fmall  aperture  of  B,  when  the  charge  of  the  refervoir  was  feven  inches. 
The  bottom  of  the  tube  C  was  juft  below  the  furface  of  the  water.  In  a  very  (hort  time 
part  of  the  water  rofe  near  fix  teen  inches  through  C,  and  filled  D  }  the  tubes/and  g  were 
then  opened,  and  this  water  ran  out. 

From  feveral  experiment!,  I  think  water  will  not  rife  more  than  fixteen  inches  under 
fimilar  cirtumftances. 

Upon  the  admiffion  of  air  into  D,  the  ftream  of  the  jet  diminiihed  fo  much,  that  it  did 
not  half  fill  the  wider  aperture,  and  it  was  long  after  the  tubes  F  and  G  were  clofed  before  it 
could  recover  its  full  force.  This  (hews  the  neceflity  of  a  cock  or  valve  to  clofe  E,  to 
prevent  die  diminution  of  the  jet,  when  air  is  admitted  into  D,  if  we  wifli  to  make  the 
engine  raife  much  water,  and  empty  itfelf  at  ftated  times.  For  no  water  will  rife  fo  long 
as  the  conical  tube  is  not  full.  If  a  cock  be  perfe&ly  air  tight,  it  will  anfwer  the  purpofe 
very  well. 

Fig.  2  points  out  a  method  of  conftru&ing  a  valve  for  this  purpofe :  the  vefTd  D,  in  this 
figure,  is  cylindrical,  the  fmall  tube  g  opens  very  near  the  top,  under  that  letter,  and  the 
dotted  line  n  pafles  through  the  middle  of  F.  The  tube  C  and  £  are  explained  before,  m 
is  a  valve  which,  by  its  weight,  clofes  the  upper  aperture  of  E;  when  the  lever  L  opens  the 
tubes  F  and  £,  and  which  immediately  before  it  clofes  thefe  pipes  it  raifes  again :  the  com- 
munication may  be  made  by  a  piece  of  ftrong  wire  fixed:  into  mf  and  which,  pafling 
through  f,  will  reft  upon  the  lower  valve  or  lever  L.  This  wire,  is  reprefented  by  the 
dotted  line  n. 

It  perhaps  might  be  advantageous  to  have  a  valve  in  C  to  fupport  the  column  of  water 
in  that  tube  alfo. 

The  power  of  the  engine  feems  to  be  very  confiderable  when  conftruded  upon  the 
fimple  plan  mentioned  in  the  experiments  \  it  feems  very  defirable  to  determine  the  heft 
form  of  die  conical  tube,  and  the  method  to  throw  mod  force  upon  the  ratifying  tube,  fo 
as  to  produce  the  greateft  efleft  under  a  given  preflure  of  water  in  the  refervoir.  Citizen 
Venturi  has  determined  the  form  of  a  tube  to  produce  the  greateft  expenditure #,  and  it 
feems  likely  that  it  may  alfo  be  the  beft  form  for  this  purpofe. 

•  Philof.  Journal,  II.  174.  This  ^figure  it  adapted  to  a  certain  definite  preflure  only,  and  muft  be  varied 
for  other  depths.— N. 
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The  lateral  motion  of  a  current  of  air  will,  to  a  certain  extent,  produce  the  fame  effcft 
as  a  current  of  water,  but  to  what  height  water  may  beTaifed  in  this  way,  I  hare  hitherto 
made  no  experiment  to  determine.  The  power  of  an  inftrument  in  the  form  of  Mr. 
Bof well's  ventilator  •  is  very  confiderable  when  made  upon  a  fmall  fcale,  if  the  fmall  tube 
be  forcibly  blown  through  while  the  end  of  the  vertical  tube  is  placed  in  water,  one  ex- 
piration will  caufe  the  water  to  rife  iniit  feveral  inches. . 

I  am,  SIR, 

Your's,  &c. 

WILLIAM  CLOSE. 


LETTER      II. 
SIR, 

HAVING  conftru&ed  the  model  of  an  engine  upon  the  preceding  principles,  on  the 
29th  of  Auguft  laft,  I  fet  it  to  work,  and  kept  it  in  a&ion  for  feveral  hours. 

The  rarefying  tube  E,  fig.  1.  was  placed  within  the  afcending  water  tube  C,  until  they 
had  both  entered  the  fpherical  veflel ;  they  were  then  divided,  and  the  end  of  the  water 
tube  was  ufed  as  the  fupport  of  a  metallic  valve,  which,  by  its  weight,  clofed  the  opening 
of  the  tube  E.  To  one  fide  of  this  laft  tube  was  fixed  another  fmall  one,  which  opened 
into  the  external  air  by  the  fide  of  the  pipe  to  let  out  water,  and  both  thefe  were  clofed 
by  the  end  of  the  lever  L,  or  lower  valve.  This  fmall  tube,  at  the  fame  time  that  it  ferved 
for  admiffion  of  air,  to  haften  the  defcent  of  water,  ferved  alfo  to  contain  the  wire  which 
raifed  the  upper  valve,  n>  fig.  2. 

The  lower  valve  was  covered  with  leather,  and  when  it  was  well  moiftened,  and  the 
engine  had  been  in  aftion  for  fome  time,  I  could  perceive  no  fault. 

The  method  of  making  the  engine  work  itfelf,  which  I  adopted  in  imitation  of  the  plan 
propofed  by  Mr.  Bofwellf,  anfwered  very  well:  the  lower  valve  was  opened  between 
.fix  and  and  feven  times  in  a  minute,  and  water  always  flowed  out ;  the  higher  valve  com- 
pletely prevented  the  diminution  of  the  ftream  through  the  conical  tube,  and  when  it  was 
lifted  by  the  clofing  of  the  lower  valve,  no  difference  could  be  perceived,  although  a  little 
air  was  admitted  at  each  rife. 

The  defcending  branch  of  the  fyphon  in  the  higher  veflel  H,  was  made  of  confiderable 
length,  to  prevent  a  conftant  dribble,  and  to  make  the  reciprocation  end  at  once.  The 
fyphon  of  the  lower  or  defcending  veflel  was  made  full  as  wide  as  the  other,  in  order  that 
the  weight  might  preponderate  quickly,  and  clofe  the  lower  valve  immediately  after 
raifing  the  higher.  The  upper  veflel  was  hung  upon  the  fide  of  the  refervoir,  and  fupplied 
with  water  <5ver  the  edge  by  a  fyphon,  one  aperture  of  which  was  made  of  a  proper  width. 
The  capacity  of  the  lower  veflel  was  about  five  ounces;  the  higher  about  feven;  but 

•  Philof.  Journal,  IV.  4.  f  Philof.  Journal,  IV.  117. 
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was  fometimes  diminiQied,  by  introducing  a  folid  body  into  its  upper  part,  to  male  it  fili 
(boner.  Weight,  rather  above  fix  ounces.  Length  of  lever,  one  foot  *»  it  had  holes  in  its 
under  edge  to  hang  the  veflel  and  weight  at  different  diftances  from  its  centre.  The  rife 
of  the  water  above  the  furface  of  water  in  the  refervoir  was  one  foot.  I  adopted  this 
height  for  convenience.  There  was  no  valve  to  preyent  the  column  from  defcending  every 
time  the  lower  vahre  was  opened. 

This  particular  defcription  may  appear  tedious,  but  it  will  fave  fome  time  and  con- 
sideration in  the  repetition  of  fuch  an  experiment. 

I  entertain  no  doubt  refpefting  the  operation  of  an  engine  of  this  kind,  and  that 
a  column  of  water  may  be  raifed  to  any  height,  not  much  exceeding  thirty  feet,  by  pro- 
portionally encreafing  the  preffure  of  water  in  the  refervoir,  and  the  dimenfions  of  the 
conical  tube :  in  many  fituations,  however,  the  requifite  qaantity  for  this  purpofe  cannot 
be  had,  others  may  not  admit  of  fufficient  defcent,  and  in  fome  a  refervoir  fo  deep  may  be 
dangerous  and  inconvenient. 

Where  the  ftream  has  fiifficient  defcent,  the  water  may  be  raifed  by  a  number  of  lifts 
inftead  of  one. 

Suppofe  1,  3,  5,  fig.  3.  to  be  three  refervoirs  with  conical  tubes,  and  2,  4,  6,  three 
cifterns,  through  which  the  raifed  water  is  carried  in  fucceffion  by  a  ftream  paffing  thfough 
the  three  refervoirs,  and  a£Hng  upon  three  engines  in  the  following  manner: 

The  cifterns  2  and  4  being  filled  with  water,  the  current  through  the  refervoir  1  will 
raife  a  quantity  of  water  into  its  engine,  which  will  be  emptied  into  the  ciftern  2,  at  the 
fame  time  the  refervoir  3  raifes  an  equal  quantity  out  of  s  into  4,  and  5  another  out  of  4 
into  6. 

The  fame  method  may  be  ufed  when  there  is  plenty  of  water,  but  not  convenience 
for  a  deep  refervoir;  in  this  cafe  the  conical  tubes  may  be  fixed  to  different  parts 
of  the  refervoir,  and  all  upon  the  fame  level.  Each  engine  muft  be  provided  with  * 
lever  and  weight,' to  work  its  own  valves;  but  they  may  be  all  opened  at  the  fame  time 
by  the  defcent  of  one  veflel  conne&ed  to  all  the  levers,  or  each  by  a  veflel  conne&ed 
to  that  only. 

To  quicken  the  reciprocations  of  the  engine,  and  encreafe  the  quantity  of  raifed  water, 
a  valve  may  be  made  to  fupport  the  column  of  water  in  the  afcending  tube  ;  if  the  column 
be  not  heavy,  this  valve  may  be  contained  in  a  cheft  at  the  bottom  of  the  tube :  it  will  be 
eafy  to  repair  in  this  place;  a  piece  containing  it  may  be  fixed  on  with  fcrews :  it  will 
rife  by  the  preffure  of  the  water  below. 

Tins  kind  of  machinery,  by  altering  the  pofition  of  the  rarefying  tubes,  will  raife  water 
from  a  depth  below  the  ftream  equally  as  well  as  to  an  height  above  it ;  and  in  fituations 
where  there  is  plenty  of  water  and  convenience  for  a  refervoir,  a  lower  body  of  water 
may  be  conveyed  into  a  ftream  above  by  the  help  of  a  fingle  tube  only ;  one  end  of  it 
being  placed  in  the  water  to  be  raifed,  the  other  muft  be  introduced  into  the  fmaller 
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aperture  of  the  conical  tube  adapted  to  the  refervoir.     A  conftant  dream  will  theo- 
rife  fo  long  as  water  below  can  fupply  the  tube  *• 

I  am, 

,SIR, 

Your  hunible  fervant, 
Daltorty  Sept.  I,  1800.  '  W.  CLOSE/ 


My  acknowledgements  are  due  to  Mr. .  Clofe  for  his  obliging  private  poftfcript.  In 
reply  to  his  doubt,  Jeft  from  the  number  of  hydraulic  inventions  which  have  appeared  in 
this  Journal,  his  contrivance  might  not  be  infer  ted ;  it  feems  proper  to  obferve,  that  I 
confider  hydraulic  works  as  of  the  higheft  importance  to  fociety,  whether  we  look  to  a 
fupply  of  the  firft  neceffity  for  confumption,  or  to  the  advantageous  ufes  of  neglefted, 
though  valuable,  firft  movers ;  that  thefe  works  muft  in  mo  ft  cafes  be  modified  by 
localities  and  other  circumftances ;  and,  consequently,  that  the  mod  ufeful  pra&ical 
knowledge  will  not  confift  in  an  acquaintance  with  one  or  more  of  the  bed  engines,  but 
with  that  great  variety  of  happy  contrivances  which  reading  and  enquiry  muft  point  out. 
From  reafons  of  this  fort,  when  exercifing  my  duty  as  editor  of  a  work  rendered  re- 
fpeftable  by  the  correfpondence  and  favor  of  learned  and  ingenious  men,  I  have  been  little 
folicitous  of  the  abftra&  comparative  merits  of  the  works  I  receive.  If  they  contain 
ufeful  fa&s,  clear  deductions,  or  new  profpe£ls  tending  to  lead  others  to  improvements  in 
(pence  or  the  arts,  they  are  certainly  well  calculated  to  form'  part  of  this  mifcellany,— - N. 
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,N  fome  of  the  laft  volumes  of  the  Philofophical  Tranfa&ions,  there  have  been  related 
many  inftances  pf  ftrong  atmofpherical  refra&ion,  by  which  objeds  feen  near  the  horizon 
have  appeared  inverted,  and  the  horizon  itfelf  either  elevated  or  depreffed. 

Mr.  Huddart  firft  took  notice  of  a  diftant  image,  inverted  beneath  the  objeft  itfelf ; 

•  and,  in  the  Philofophical  Tranfa&ions  for  1797  J»  has  defcribed  feveral  fuch  appearances, 

accompanied  with  an  optical  explanation,  wherein  he  fliews,  that  the  lowed  ftrata  of  the 

air  were  at  the  time  endued  with  a  weaker  refra&ive  power,  than  others  at  a  fmall 

elevation. 

•  See  the  experiments  of  Vcnturi  on  the  lateral  motion  of  fluids,  before  quoted. — -C. 

f  Phil.  Tr^nf.  1800,  p.  139.' 

J  Or  this  Journal,  I.  146.    See  alfo  1*5,  and  elfewhere,  as  by  the  index* 
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In  the  volume  for  1799,  Mr.  Vince  has  given  an  inftance*  (tab.  1.  fig.  i.J  where  ereft 
&s  well  as  inverted  images  were  vifible  above,  mftead  of  beneath,  the  obje&s  themfelvcsf 
and  by  tracing  the  progrefs  of  the  rays  of  light,  in  a  manner  fimilar  to  Mr.  Huddart'tf, 
concludes  that  diefe  phenomena  arofc  from  "  unufual  variations'9  of  increafing  denGty  in 
the  lower  ftrata  of  the  atmofphere.  ' 

In  the  volume  for   1 795,  Mr.  Dalby  mentions  having  feen  "  the  top  of  a  hill  appear 
.  "  detached,  for  the  flcy  was  feen  under  it.'1    In  this  cafe,  a&  well  as  in  the  preceding,*  it  is    ' 
probable  that  reverfion  took  place,  and  that  the  lower  half  of  the  portion  detached  was  an    - 
inverted  image  of  the  upper,  as  the  fky  could  not  be  feen  beneath  it,  but  by  ah  inverted' 
cou'rfe  of  the  rays.  -  •      •  . 

Since  the  caufes  of  thefe  peculiarities  of  terreftrial  refra£Hon  have  not  received  fo  full 
an  explanation  as  might  be  wifhed,  I  have  endeavoured, 

ift.  To  inveftigate  theoretically  the  fucceflive  variations  of  increafing  or  decreaCng  denGty 
to  which  fluids  in  general  are  liable,  and  the  laws  of  the  refra&ions  occafioned  by  them. 

2dly.  To  illuftrate  and  confirm  the  truth  of  this  theory,  by  experiments  with  fluids  o{ 
known  denfity. 

And  laftly,  to  afcertain,  by  trial  upon  the  air  itfelf,  the  caufes  and  extent  of.  thofe 
variations  of  its  refra&ive  denfity,  on  which  the  inverfions  of  obje&s  and  other  phenomena 
obferved,  appear  to  depend. 

The  general  laws  may  be  comprized  in  three  propofitions. 

Prop.  1.  If  the  denGty  of  any  medium  varies  by  parallel  indefinitely  thin  ftrata,  any 
rays  of  light  moving  through  it  in  the  direEliort  of  the  ftrata,  will  be  made  to  deviate  during 
their  paflage,  and  their  -deviations  will  be  in  proportion  to  the  increments  of  denfity  where 
they  pafs. 

For  each  ray  will  be  bent  towards  the  denfer  ftrata,  by  a  refra&ing  force  proportioned    . 
to  the  difference  of  the  denfities  above  and  below  the  line  of  its  paflage ;  and  as  their 
velocities,  are  the  fame,  and  therefore  the  times  of  aftion  of  the  forces  equal,  the  deviations 
will  be  at  the  refra&ing  forces,  i.  e.  as  the  increments  of  denGty. 

Prop.  2.  When  two  fluids  of  unequal  denfity  are  brought  into  conta&,  and  unite  by 
mutual  penetration ;  if  the  denfities  at  different  heights  be  exprefled  by  ordinates,  the 
curve  which  terminates  thefe  ordinates  will  have  a  point  of  contrary  flexure. 

For  the  ftraight  lines  da,  r  n  (Plate  XIII.)  Fig.  1.  which  terminate  the  ordinates  r  *, 
dy>  of  uniform  denfity,  will  be  parallel,  and,  if  not  united  by  contrary  curvature,  fome 
ftraight  line  of  union,  as  a  0  mud  be  fuppofed.  But,  from  whatever  caufe  the  firft  line 
a  0  is  inferred,  by  the  fame  caufe  other  intermediate  lines  mpy  t  q ,  &c.  will  be  produced, 
and  curves  d  e  J %  tnf  m  t  s  r,  will  be  ultimately  formed,  having  a  point  of  contrary 
flexure  at  m. 

The  form  of  the  curve  does  not  appear  to  admit  of  accurate  inveftigation,  nor  is  it  of 
importance  to  the  fubfequent  reafoning,  if  wholly  unknown.    We  may,  however,  form 
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fome  judgment  of  its  nature;  for,  whether  the  denfities  depend  orj  different  fpecific 
gravities  of  different  fluids,  or  on  unequal  temperatures  of  different  portions  of  the  fame 
fluid,  the  curves  will  be  nearly  alike. 

In  each  of  thefe  cafes,  to  whatever  fmall  diftance  p  c%  Fig.  2,  the  mutual  attraction  is 
fufficient  to  occafion  intimate  union  of  the  fluids,  the  denGty  m  n  of  the  mixture  will  be 
an  arithmetic  mean ;  and,  for  the  fame  reafon,  at  any  intermediate  fmaller  diftances,  there 
will  be  a  feries  of  arithmetic  means  eft  g  b}  &c.  interpofed,  and  the  line  a  0,  uniting  the 
ordinates,  will  be  ftraight. 

By  progreffive  effect  of  this  attraction,  and  fucceffive  interpolations,  in  Fig.  1,  curvet 
defmy  r  st  m,  will  be  formed,  of  which  the  ftraight  lines  m  p9  t  q,  &c.  are  tangent. 

The  attracting  denfities  np,  0  q9  &c.  are  fubtangents;  and  if  It  be  admitted  that  thefe 
are  every  where  equal,  the  curves  fo  produced  are  logarithmic,  and  the  increment  of  the 
ordinate  greateft  at  tn,  where  they  meet. 

Prop.  3.  If  parallel  rays  pafs  through  a  medium  varying  according  to  the  preceding 
propofition,  thofe  above  the  point  of  contrary  flexure  will  be  made  to  diverge,  and  thofe 
below  the  fame  point  will  converge,  after  their  paffage  through  it. 

.  For  fince  the  deviation  of  each  ray  depends  on  the  increment  of  denfity  where  it  pafles, 
and  fince  the  increment  of  denfity  is  greateft  at  the  point  of  contrary  flexure,  any  rays,  as 
a  bf  Fig.  3,  pafling  near  to  that  point,  will  be  refracted  more  towards  the  denfer  medium 
than  thofe  at  c  rf,  which  move  in  a  higher  ftratum,  and  will  diverge  from  them,  but 
will  be  refracted  towards  and  meet  thofe  at  ef9  which  pafs  nearer  to  the  denfer  medium, 
where  the  increments  of  denfity  are  alfo  lefs. 

Cor.  Hence  adjacent  portions  of  the  converging  rays  will  form  a  focus,  beyond  which 
they  will  diverge  again ;  and  the  varied  medium  will  produce  efie£ts  fimilar  to  thofe  caufed 
by  a  medium  of  uniform  denfity  *  having  a  furface  fimilar  to  the  curve  of  denfities,  fince 
convergence  or  divergence  will  be  produced,  according  as  the  curve  of  denfities  is  convex 
or  eoncavej  confequently,  by  tracing  backwards,  to  the  extremities  of  an  object,  the 
progrefs  of  the  vifual  rays  (or  axes  of  the  pencils  received  by  the  eye}  it  will  be 
manifeft  that, 

Any  object  feen  through  the  inclined  concave  part  r  m,  Fig.  5,  would  appear  elevated, 
erect,  and  fomewhat  diminifhed. 

An  object  feen  through  tn  d9  where  it  is  convex  and  inclined,  would  be  elevated ;  and,' 
if  fituated  beyond  the  focus  of  vifual  rays  from  the  eye,  it  would  appear  inverted.  The 
magnitude  would  depend  on  the  relative  diftances  of  the  eye  and  object. 

*  In  the  varied  medium,  b  c  and  b  m,  Fig.  4,  the  correfpondfng  increments  of  the  abfcifla  and  ordinate, 
Vt  to  each  other  at  radius  to  the  tangent  of  the  angle  c.  Therefore,  the  tangent  of  deviation,  which  is  as 
the  increment  of  the  ordinate,  varies  as  the  tangent  of  the  angle  c. 

$0  aHb,  ia  the  uniform  medium,  fince  the  fines  of  refraction  and  incidence  are  in  a  given  ratio,  then 
differences  will  bear  a  given  ratio  to  either  of  them ;  and,  when  the  angles  are  final),  the  tangent  of  de- 
viation will  vary  as  the  tangent  of  incidence,  or  as  the  tangent  of  the  angle  r,  which  is  equal  to  it. 

Below 
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Below  the  point  dl  where  the  curve  terminates,  viGon  would  be  direA,  fo  than  an 
©Dje£t  might  be  fituated  fo  as  to  be  feen  in  all  three  ways  at  the  fame  time,  direft  at  O, 
inverted  at  I,  and  ere&  again  at  A. 

I  confider  the  foregoing  propofition  as  applicable  to  all  cafes  of  varying  denfity,  whether 
occafioned  by  mutual  folution  of  different  fluids,  or  partial  rarefa&ion  of  the  fame  fluid; 
and,  by  trial  of  various  fluids,  however  different  in  denfity,  or  even  in  vifcidity,  I  find 
that  the  refra&ions  obferve  a  law  agreeable  to  the  theory,  as  will  appear  by  the  following 
experiments : 

Experiment  i.  Into  a  fquare  phial  containing  a  fmall  quantity  of  clear  fyrup,  I  put 
about  an  equal  quantity  of  water,  in  fuch  a  way  that  it  floated  on  the  furface  of  the 
fyrup  without  mixing.  For  a  (hort  time,  the  ftratuna  of  union  was  fo  thin  that  nothing 
could  be  diftin£Uy  feen  through  it.  But  foqn,  by  mutual  penetration  of  the  water  and 
the  fyrup,  the  effe&s  reprefented  at  A,  Fig.  6,  were  produced. 

Through  the  fyrup,  a  word  written  on  a  card,  placed  behind,  was  feen  ere&,  and 
in  its  place;  through  the  adjacent  variable  medium,  an  inverted  image  was  vifible 
above  the  true  place;  and  alfo,  above  that,  a  fecond  image  of  the  fame  obje&  .ap- 
peared ere£h 

When  thefe  appearances  are  firft  difcernible,  the  variations  of  denfity  are  fo  great,  that 
the  obje&  to  be  looked  at  may  be  in  contaS  with  the  phial ;  but  when  the  variations  of 
denfity  become  more  gradual,  and  thereby  the  focus  more  diftant,  any  obje&  fo  near  it 
only  elongated,  and  require  to  be  removed  an  inch  or  two,  to  be  ktn  inverted, 

Exper.  a.  Over  the  furface  of  the  water,  in  the  fame  phial,  I  next  put  about  the  fame 
meafure  of~rc£lificd  fpirit  of  wine. 

At  the  ftratum  where  the  water  and  fpirit  united,  the  appearances  were  the  fame  ;  but 
fince  the  refra&ive  power  of  fpirit  exceeds  that  of  water,  the  true  place  of  the  objeft 
was  feen  uppermoft ;  the  inverted  and  erefl  images  are  below*.    Fig.  6,  B. 

When  an  oblique  line  d  e  r  is  viewed  through  any  variable  medium  fo  made,  it  appears 
bent  into  different  forms,  according  to  its  fituation  with  refpetSt  to  focal  diftance. 

If  it  be  at  the  diftance  of  the  principal  focus,  one  point  of  it  is  dilated  into  a  vertical 
line,  as  /  m.    Fig.  7,  A. 

If  beyond  that  focus  the  portion  /  m  is  inclined  backwards,  being  an  inverted  image  of 
d  /;  and  m  n  is  another  image  of  the  feme  portion*  feen  ereft.     Fig.  7,  B. 

On  this  account,  it  becomes  a  convenient  objedk  for  ascertaining  the  (late  of  any 
medium  under  examination. 

In  thefe  experiments,  the  appearances  continue  many  hours,  even  with  fpirits  of  wine; 
with  fyrup,  two  or  three  days ;  with  acid  of  vitriol,  four  or  five  ;  with  a  folution  of  gum 
arabic,  much  longer;  but  although  their  difpofition  to  unite  is  fo  different,  the  ap- 
pearances produced  are  nevertheless  the  fame  in  all. 

The  refraction  is  greateft  nearly  in  the  plain  of  original  conta&  of  the  fluids,  diminiflung 
from  thence  both  upwards  and  downwards.    The  exaQ  rate  of  diminution  above  oi 

below 
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below  this  point  I  bad  no  means  of  meaftiring  witb  the  acccuracy  that  would  be  re- 
quifite  for  determining  the  nature  of  the  curves  of  denfity  formed  according  to  the 
firft  propofition. 

-  But  the  tf uth  of  the  fecond  proportion  appeared  capable  of.  confirmation  by  experi- 
ment •,  for  the  deviation  of  a  ray  is  there  faid  to  depend  oa  the  increment  of  denfity ,  and 
time  of  the  ray's  paffege,  jointly ;  accordingly,  the  deviation  caufed  by  a  given  increment 
(Jiould  be  in  proportion  to  the  extent  of  the  medium. 

In  order  to  try  what  efle&  a  greater  extent  of  medium  would  produce, 

Exper.  3.  I  made  a  re£Ungular  glafs  veflel,  of  which  the  fides  were  in  the  ratio  of  10 
to  30,6 ;  and  having  put  into  it  fome  clear  fyrup,  with  water  on  its  furface,  I  meafured 
the  grcateft  refrafbions  through  it  in  both  dire&icns,  and  found  them  in  the  rfctio  of  10 
lo  about  29.  , 

In  another  veflel,  of  which  the  Gdes  were  as  10  to  40,4,  the  refra&iops  were,  on 
an  average,  as  1  to  4.  - 

Being  now  fully  fatisfied  of  the  efieft  of  different  fluids,  I  made  the  following  ex- 
periment, whereby  it  appears,  that  the  Variations  of  denfity  occafioned  by  difference  of 
temperature  between  adjacent  ftrata  of  the  fame  fluid,  follow  a  fimilar  law. 

Exper.  4.  Having  put  fome  cold  water  into  a  fquare  veflel,  I  covered  its  furface  with 
a  piece  of  writing  paper  perforated  with  a  few  fmall  holes,  and  then  filled  the  veflel 
eautioufly  with  boiling  water*  The  paper  nearly  prevented  any  mixture  of  the  hot  and 
cold  water)  but,  by  floating  gradually  up,  left  them  to  communicate  their  heat  by 
conta&  alone. 

While  they  were  in  this  ftate,  I  examined  the  appearance  of  remote  objefts  through 
the  varied  medium,  and  found,  that  when  my  eye  was  removed  four  or  five  feet  from 
the  veflel,  the  efie&s  were  the  fame  as  in  the  preceding  experiments  with  different  fluids ; 
above  any  obje£t  viewed  through  the  cold  water,  I  could  diftinguifh  two  images  of  it, 
the  one  inverted,  the  other  erc&,  as  ufual ;  but  thefe  appearances  did  not  continue  more 
than  five  or  fix  minutes* 

.  Having  thus  eftablifhed,  by  experiments  fuflkiently  varied,  that  the  contiguity  of  two 
fluids  of  unequal  denfity  is  capable  of  occafioning  all  the  appearances  that  hate  been  ob- 
ferved,  I  (hall  proceed  to  (hew  by  what  means  the  air  may  be  made  to  exhibit  fimilar 
phenomena.  • 

Exper.  5.  I  heated  a  common  poker  red  hot,  and  held  it  fo  as  to  look  along  the  fide  of 
it  at  a  paper  10  or  12  feet  diftant.  The  rarefa&ion  occafioned  by  it  caufed  a  perceptibie 
refra&ion  to  the  diftance  of  about  -|  of  an  inch  from  the  fide  of  the  poker.  A  letter 
feen  more  diftant  from  it  appeared  as  ufual ;  within  tha$  diftance  there  was  a  faint  imagfe 
of  it  reverfed;  and  ftill  nearer  to  the  poker  was  a  fecond  image  dire&,  and  as  diftin& 
as  the  objeft  itfelf,  but  fomewhat  fmaller,  as  in  Fig  8,  in  which  a  fe&ion  of  the  atmofi» 
phere  furrounding  the  poker  is-  reprefented.  At  the  bottom  and  fidds  it  is  nearly  circular; 
but  -upwards  the-  circular  form  is  left  in  undulations,  occafioned  by  the  rapid-  afcent  of  tire 
tarefied  air. 

The 
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The  greateft  deviation  produced  in  this  cafe  rtteafured  about  half  a  degree. 

Exper.  6.  Jiy  a  red  hot  bar  of  iron,  30  inches  long,  the  refra&ions  were  much 
greater,  the  extreme  deviations  amounting  to  full  i\  degree. 

The  rcfca&ions  obferved  in  thefc  experiments  may  at  firft  view  be  thought  greater  than 
could  be  caufed  by  difference  of  temperature  alone,  being  in  cme  inftance.  more  than  double 
the  greateft  horiaontal  refraction  of  the  heavenly  bodies ;  in  which  cafe,  as  the  rays  ejitcr 
from  a  vacuum,  the  greateft  poffible  efie&  of  the  atmofphere  might  be  expe&ed.  Bat  it 
mult  be  remembered,  that  when,  a  ftar  appears  in  the  horizon,  its  rays  interfed  the 
fuperior  ftrata  of  the  atmofphere  at  an  inclination  of  feveral  degrees,  and  that  they  pafs 
but  once  through  the  variations  from  rarity  to  denfity ;  but,  on  the  contrary,  that  in  the 
experiments  with  red  hot  iron,  the  rays  may  pafs  actually  in  the  dire&ion  of  the  ftrata/ 
and  that  they  are  refra&ed  not  only  by  their  entrance  from  the  denfer  into  the  rarer 
medium,  but  the  efffeft  is  doubled,  fmce  the  refra&ion  caufed  by  their  emergence  is  equal' 
to  that  produced  by  their  incidence. 

Although  a  ftaatam  of  air,  heated  by  thefe  means  to  fo  great  a  degree*  affords  an  ere&, 
as  well  as  an  inverted,  image  of  obje&s  feen  through  it,  the  more  moderate  warmth  com- 
municated to  it  from  bodies  heated  by  the  a&ion  of  the  fun  upon  them,  feems  inefficient 
to  produce  both  images;  but  the  inverted  image  may  generally  be  feen  when  the  fun  (bines 
upon  a  brick  wall,  or  other  darker  coloured  furface. 

While  the  eye  of  the  obferver  is  plkced  nearly  in  a  line  with  the  wall,  if  another  perfon, 
at  30  or  40  yards  diftance,  exterids  any  objeft  towards  the  wall,  an  image  fimilar  to  it 
will  appear  to  come  out  to  meet  it. 

It  woujd  be  difficult  to  aicertain  with  accuracy  the  degree  of  rarefa&ion  capable  of 
{hewing  this  appearance,  but  it  may  be  of  fome  ufe  to  future  obfervers  to  mention  the 
different  degrees  of  heat  which  I  obferved. 

In  one  inftance,  a  thermometer,  in  conta£t  with  the  waM,  ftood  at  960;  but,  at  J  of 
an  inch  diftance,  820. 

One  morning,  when  the  fun  (hone  bright,  I  examined  the  temperatures  and  refra&ion 
produced  at  the  furface  of  a  deal  bar  painted  green,  about  eight  feet  long. 

A  fmall  thermometer,  in  contafl:  with  the  bar,  rofe  to  960  5  at  ~  of  an  inch  diftance, 
it  ftood  at  730. 

The  refraction  at  the  fame  time  exceeded  20  minutes. 

To  explain  why  red  hot  iron  occafions  two  images,  while  folar  heat  produces  but  one, 
A  imagine  that  the  intenfe  heat  in  the  former  cafe  rarefies  the  air  for  fome  fmall  diftance 
uniformly,  and  thereby  affords  the  fame  feries  of  variations  as  between  other  fluids  of 
uniform  denfity;  but  that,  in  the  latter,  the  heat  is  conveyed  off  as  as  fail  as  it  is  gene* 
rated;  fo  that,  as  there  is  no  extent  of  medium  Uniformly  rare,  the  densities  cor- 
refponding  to  the  concave  portion  r  m}  Fig.  5,  of  the  curve  before  defcribed  do 
hot  take  pfoet>  but  the  phenomena  occafioned  by  the  convex  part  m  d  are  alone  pro- 
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It  mud  be  remarked!  that  the  vertical  po  fit  ion  of  the  furface  contributed  greatly  to  encreafe 
the  effe& ;  for,  (ince  the  heated  air  rifes  in  the  dire&ion  of  the  furface,  its-  afcent  has  in 
this  cafe  no  tendency  to  blend  it  with  the  adjacent  denfer  ftrata,  and  hence  very  different 
degrees  of  denfity  take  place  in  the  thicknefs  of  ±  of  an  inch ;  fo  that,  as  the  increments 
of  denfity  are  great,  the  ref raft  ions  will  be  proportionally  fo ;  but  where  the  heated  furface 
is  horizontal,  the  afcent  of  the  rarefied  air  into  the  fuperinrtiinbent  denfer  ftrata  renders 
the  variations  far  more  gradual ;  consequently,  a  heated  furface  of  far  greater  extent  mult 
be  requifite  to  produce  equal  refra&ion. 

However,  over  extenfive  plains,  when  the  fun  {hines,  fome  degree  of  inversion  is  very 
frequently  to  be  feen ;  but  the  inverted  images  are  rarely  well  defined,  unlefs  over  a 
very  even  furface.  One  of  the  bed  fituations  for  this  purpofe  is  over  a  level  open  road, 
with  a  gentle  breeze  blowing  acrofs  it.  A  current  of  air  brings  a  eool  ftratum  more 
clofely  in  conta&  with  the  heated  furface ;  and,  fmce  refra&ion  depends  on  the  increment 
or  difference  of  denfity  in  a  given  fmall  pace,  a  very  moderate  breeze  will  thereby 
render  inverfibn  more  perceptible}  but  a  ftrong  wind  will  reduce  the . temperature 
of  the  furface,  and  may  make  the  heated  ftratum  too  thin  for  any  obje&  to  be  feen. 
through  it  from  a  diftance. 

In  one  inftance,  when  I  faw  a  refra&ion  of  about  9  minutes,  at  the  diftance  of  about 
.J-  of  a  mile,  a  thermometer  in  the  fand  was  ioi°i  at  4  inches  above,  8z°  *  and,  at  1  foot 
above,  760. 

Over  water,  the  evenhefs  of  the  furface  is  favourable  to  the  produ&ion  of  fuch  ap- 
pearances *,  but,  fince  the  a&ion  of  the  fun  is  weak  on  a  body  fo  tranfparent,  a  far  greater 
extent  of  furface  is  requifite  to  produce  any  perceptible  inverfion. 

Being  at  Bognor  one  bright  morning,  when  the  fea  was  calm,  I  had  an  opportunity  of 
obferving  the  appearance  of  Selfea  Bill,  about  .fix  miles  diftant.  The  whole  extent  of 
coaft,  when  viewed  with  a  pocket  telefcope  magnifying  about  fixteen  times,  appeared 
inverted  from  one  end  to  the  other ;  and  the  lower  part  of  a  brick  houfe  upon  the  (hore 
was  feen  as  diftin&  as  the  houfe  itfelf.  I  judged  the  quantity  of  refra&ion,  in  this  cafe, 
to  be  about  two  minutes  of  a  degree. 

This  ftate  of  atraofphere  appears  to  be  not  very  uncommon ;  for,  at  Shanklin  Chine, 
in  the  Ifle  of  Wight,  a  few  days  preceding,  fimilar  appearances  were  vifible  in  feveral 
directions,  but  I  negle&ed  to  make  any  eftimate  of  the  quantity  of  refra&ion. 

In  the  inftance  of  the  inverted  veffel  feen  by  Mr.  Huddart,  (Phil.  Tranf.  for  17979 
Tab.  1,  Fig.  3.)  at  the  diftance  of  eight  miles  the  refra&ion  feems  to  have  been  about  3'. 

All  the  appearances  defcribed  by  him,  I  am  inclined  to  think,  arofe  from  difference 
of  temperature  alone.  He  offers  a  conje&ure,  that  evaporation  might  occafion  the  lower 
ftrata  of  the  atmofphere  to  have  a  weaker  refra&ive  power;  but  from  the  following  ex- 
periments it  feems  to  have  a  contrary  effe& : 

Exper.  7.  I  took  a  plate  of  glafe,  and,  while  I  looked  along  the  furface,  I  poured 
upon  it  a  (mall  quantity  of  ether* 

A  line 
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A  line  upon  the  oppofite  wall  appeared  inftantaneoufly  elevated  many  minutes,  and  at 
times  above  half  a  degree. 

This  fluid  being  the  mod  volatile,  and  molt  foluble  in  the  atmofphere,  of  any  known 
liquid,  produces  the  greateft  effect ;  fince  the  cold,  during  evaporation,  confpires  with  the 
ether  difiblved  in  the  air  to  incrcafe  the  refractive  power. 

Rectified  fpirit  of  wine  alfo  produces,  from  the  fame  caufe,  a  very  confiderable 
effect. 

Exper.  8.  By  moiftening  a  board,  five  feet  in  length,  with  alcohol,  and  obferving  the 
elevation  of  an  object  viewed  over  its  furface,  I  found  the  refraction  to  be  15'. 

Exper.  9.  I  next  made  a  fimilar  experiment  with  water  itfelf.  Of  this,  the  effect  was 
barely  vifible,  when  tried  in  the  fame  way ;  but,  by  means  of  a  furface  of  ten  feet,  and 
by  viewing  a  luminous  point  at  a  greater  diftance,  the  refraction  became  evident,  and  the 
object  elevated  above  three  minutes. 

In  the  courfe  of  thefe  experiments,  I  tried  whether  confining  the  faturated  atmofphere, 
by  boards  .on  each  fide,  would  vary  the  effect,  and  found  the  refraction  in  all  cafes  much 
leffened;  and  when  water  was  ufed,  it  became  imperceptible;  but  as  foon  as  the  boards 
were  removed,  and  a  free  current  allowed  to  pafs  acrofs,  the  full  effect  was  again  pro- 
duced. The  reafon  of  this  difference  appears  to  be,  that  the  quicker  evaporation 
increafes  the  degree  of  cold,  and  the  current  brings  greater  differences  of  denfity  con- 
tiguous. 

The  date  of  rapid  evaporation  will  fully  account  for  the  phenomenon  witnefied  by  Mr. 
Latham,  who  has  defcribed  (in  the  Phil.  Tranf.  for  1796,  p.  357  ;  or  this  Journal,  II.  417) 
an  extraordinary  elevation  of  the  oppofite  coaft  of  France,  fo  as  to  be  feen  from  the 
beach  at  Haftings,  and  other  parts  of  Suffex. 

There  is  a  fact  of  the  fame  kind  ftated  by  De  la  Lande  (jlftron.  Tom.  II.)  who  fays  that 
the  mountains  of  Corfica  (though  at  the  diftance  of  more  than  100  miles)  are  occafionally 
vifible  from  Genoa. 

It  is  probably  owing  to  the  fame  caufe,  that  other  objects  have  been  fometimes 
feen,  at  fuch  diftances  that  we  (hould  expect  them  to  be  intercepted  by  the  curvature 
of  the  earth ;  for  it  is  evident,-  that  whenfoever  the  evaporation  over  each  mile  of  furface 
occafions  a  refra&ion  of  about  one  minute,  the  rays  receive  a  curvature  equal  to  that  of 
the  ocean,  fo  that  its  furface  will  appear  flat ;  and  the  fpherical  form  of  the  earth  will  not 
obftruct  horizontal  vifion  of  objects  ac  any  diftance. 

It  ftill  remained  to  explain  the  phenomena  feen  by  Mr.  Vince,  as  I  had  not  hitherto 
made  an  atmofphere  capable  of  exhibiting  images  inverted,  as  well  as  elevated,  by 
increafed  denfity.  For,  in  the  refractions  produced  in  the  7th,  8th,  and  9th  experi- 
ments, by  evaporation  at  an  expofed  furface,  I  obferved  the  effect  was  always  greateft 
in  contact  with  the  evaporating  furface;  any  lower  point  a%  Fig.  9,  appeared  brought 
nearer  to  a  higher  point  r,  by  the  pencil  of  rays  from  a  being  more  refracted  at  b% 
than  the  pencil  from  c  was  refra&ed  at  d.    Therefore,  any  rays  paffing  from  the  eye 
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at  r,  as  a  point,  through  h  and  d>  would  be  made  to  diverge  to  a  and  c  5  confequently,  vifual 
rays  could  not,  under  thefe  circumftances,  interfeft  each  other,  and  no  obje&s  could 
appear  inverted. 

But  whenever  the  lowcft  (Irata  of  the  air  become  faturated  with  moifture,  the  variations 
between  the  faturated  (Iratum,  and  the  incumbent  atmofphere  of  the  common  denfity,. 
will  follow  a  law  fimilat  to  what  is  found  at  the  confines  of /Other  fluids  of  unequal 
denfity ;  hence,  inverfion  will  become  vifible,  as  there  will  be  a  point  beltfw  which  the 
increment  of  denfity  will  decreafe,  and  where  the  refra&ions  will  confequently  be  lefs, 
although  through  a  denfer  medium. 

Exper%  10.  To  produce  thefe  appearances,  I  procured  a  trough  of  thin  deal,  five  feet 
long,  one  inch  wide,  with  fides  i\  inches  high,  and  clofed  the  extremities  of  it  with 
glafs.     A  feftion  of  it  is  given  in  Fig.  10. 

When  the  bottom  was  wetted  with  ether,  the  greateft  refra&ion  was,  at  intervals, 
more  than  \  of  an  inch  from  the  bottom  of  the  trough ;  and,  beneath  this  height,  I 
fawafecond  image  inverted,  when  my  eye  was  removed  to-  14  or  15  feet  diftance,  and 
the  objeft  was  about  70  feet.  The  focus  feemed  at  the  fame  time  to  be  about  nine  feet 
diftant.  / 

There  was  not  depth  enough  of  uniformly  faturated  atmofphere  for  the  object  iffclf 
to  be  feen  at  through  it,  but  its  true  place,  compared  with  that  of  the  images,  is  re- 
presented at  #. 

Exper.  11.  When  I  made  ufe  of  reftified  fpirit  in  the  fame  apparatus,  I  had  alfo 
fufficient  proof  that  the  law3  of  evaporation  would  admit  of  fuch  appearances  being  pro- 
duced ;  for  the  fame  objeft  now  appeared  curved  downwards,  as  in  Fig,  11,  fo  that  rays 
nearer  to  the  bottom  were  manifeftly  lefs  refra&ed  than  fuch  as  pafied  at  fome  diftance 
above.  A  degree  of  convergency  mud  therefore  hate  been  produced,  although  the 
diftance  at  which  the  rays  would  meet  was  beyond  that  of  my  eye,  and  circumftances 
would  not  admit  of  my  removing  beyond  35  feet. 

The  evaporation^  water  could  not  be  cxpe&ed  to  produce  any  fenfible  effe&  of  this 
kind  in  fo  fliort  a  fpace  ;  but  in  a  view  of  fome  miles  extent,  there  can  be  no  doubt,  from 
the  foregoing  experiments,  that  evaporation  from  the  furface  of  the  fea,  in  fuch  a  ftate  of 
the  atmofphere  as  would  allow  the  lower  ftrata  to  be  faturated,  is  capable  of  occafioning 
all  the  phenomena  which  have  been  defcribed,  and  probably  was  the  caufe  of  thofe  which 
Mr.  Vince  obferved. 

Since  heat  alone  tends  to  deprefs  obje&s,  and  evaporation  produces  apparent  elevation, 
it  is  prqbable,  that  in  the  inftance  of  refra&ion  related  by  Mr.  Dalby  (Phil.  Trank  for 
179.5,  p.  587)  the  heat  of  the  fun  was  the  principal  agent,  and  that  the  moifture  rather 
tended  to  counteraft  than  afiift  its  a&ion. 

Simple  inverfion  may  generally  be  feen  when  the  fun  Chines  upon  a  dry  even  road  of 
f  or  i  mile  extent ;  but  when  the  ground  has  been  wet,  I  have  very  rarely  feen  it,  and 
have  even  failed  of  difcerning  it,  when  the  heat  has  been  fufficient  to  raife  a  ftream  from 
the  ground. 
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The  following  experiment  (hews  that  it  is  not  to  be  etpe&ed  but  by  very  great  extent 

i 

of  furface.  x 

Exper.  12.  I  placed  a  dark  coloured  board  in  the  fun  fhine,  and  having  examined  the 
refra&ion  along  its  furface,  I  made  a  wet  Tine  along  it,  with  a  fponge  dipped  in  boiling 
water.  Notwithftanding  this  additional  heat,  the  refra&ion,  in  the  dire  ft  ion  of  the  wet 
line,  was  far  lefs  thin  over  the  reft  of  the  board,  although  I  took  care  to  obferve  the  eft  ft 
"before  the  furface  could  be  cooled  again  by  evaporation. 

I  (hould  therefore  expe&  the  depreflion  of  the  horizon  at  fea  where  the  refra&ion 
occafioned  by  heat  mult  always  be  countera&ed  by  evaporation,  never  to  exceed  a  few 
minutes  ;  and  that  any  one  in  a  fituation  commanding  a  view  of  the  fea,  by  attention  to 
the  various  degrees  of  the  dip  of  the  horizon  under  different  circumftances,  might  foon 
form  forae  eftimate  of  the  proper  allowance  to  be  made  for  brightnefs  of  the  fun  at  the 
time  of  an  aftronomical  observation,  or  for  difference  of  temperature  between  the  fea 
and  air. 

Having  now  examined  the  feveral  peculiarities  of  refra&ion  which  I  propofed  for  con- 
fideration,  I  fhall,  in  few  words,  recapitulate  the  purport  of  the  foregoing  pages. ' 

According  to  the  theory  here  given,  there  appear  to  be  two  oppofite  dates  of  the 
atmofphere,  either  of  which  may  occafion  obje&s  to  be  feen  doubled  or  tripled,  fincc  both 
increafe  and  decreafe  of  its  den  fit y,  when  partial,  produce  the  fame  efie&s. 

It  has  been  explained, 

i  ft.  Why  air  heated  by  the  moderate  warmth  of  the  fun's  rays  occafions  obje&s  to 
appear  doubled  and  inverted. 

2dly.  Why  rarefa&ion,  by  a  higher  degree  of  heat,  gives  an  additional  image  which 
is  not  inverted. 

3dly.  In  what  ftate  of  evaporation  the  increafe  of  the  air's  denfity  brings  4ift ant  obje&s 
into  view  by  unufual  elevation. 

4thly.  Under  what  circumftances  evaporation  may  alfo  produce  an  inverted  image 
lefs  elevated. 

And  it  is  probable  that  the  fame  reafoning  will  afford  a  ready  explanation  to 
other  varieties  of   terreftrial  refra&ion,  that  may  have   been,  or   may  hereafter,   be 

» 
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A  Memoir   on    the   Nature  of  the  colouring  Principle  of  the   Lapis-lazuli.     By 

Citizen  Guytoh*. 
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HE  blue  (tone  known  by  the  name  of  lapis-lazuli  has  long  been  an  obje£t  of  chemical 
refearch,  with  a  view  more  particularly  of  discovering  that  colouring  matter  which  is  the 
caufe  of  its  high  price,  from  the  ludre  which  it  gives  to  works  in  which  it  is  employed, 
and  on  account  of  the  preparation  of  ultramarine  blue,  which  is  fo  highly  efteemed  as  a 
pigment. 

This  colour  was  at  firft  attributed  to  copper.  The  celebrated  Margraf  demondrated 
the  error  of  this  opinion,  but  he  found  that  it  confided  merely  of  filiceous  earth,  ful- 
phate  of  lime,  lime,  and  a  fmall  quantity  of  iron.  Others,  fince  his  time,  have  fuppofed 
that  oxide  of  cobalt  formed  a  part  of  it,  whilft  others,  like  Rinman,  imagined  the  fluoric 
acid  to  be  one  of  its  ingredients.  A  more  drift  examination  foon  dedrbyed  thefc  con- 
jectures. 

The  methods  of  analyfis  having  of  late  years  been  carried  to  a  degree  of  perfection 
beyond  the  mod  fanguine  expectations,  it  was  natural  to  think  that  thofe  chemids  who 
were  the  mod  fkilful  in  this  new  art,  would  not  negleA  the  application  of  them  to  the 
folution  of  this  important  quedion.  Amongd  others,  I  (hall  refer  to  Mr.  Klaproth,  whofe 
works  have  fo  much  enriched  the  chemidry  of  mineral  bodies,  and  who  has  paid  a  par- 
ticular attention  to  every  kind  of  foffil  of  a  blue  colour. 

In  1784,  he  publifhed  fome  experiments,  which  demondrated  that  what  is  called  native 
Prujian  blue,  which  is  found  in  peat  grounds,  and  is  often  of  a  white  colour  before  it 
is  expofed  to  the  air,  is  indebted  for  its  colour  to  nothing  elfe  than  a  combination  of  iron 
and  phofphoric  acid  f. 

At  Vorau,  in  Audria,  another  mineral  remarkable  for  the  fame  colour  was  difcovered, 
and  was  fucceffively  taken  for  fmalt,  or  native  blue  oxide  of  cobalt,  for  another  kind  of 
native  Pruffian  blue,  and  for  a  blue  oxide  of  copper.  It  is  afcertained  by  the  examination 
of  the  celebrated  chemid  of  Berlin,  that  it  contains  only  filiceous  earth,  alumine,  and  iron, 
and  though  he  found  that  it  refided  the  a&ion  of  the  fire  in  4  lefs  degree  than  the  lapis- 
lazuli,  he  thinks  it  might  be  clafled  among  its  varieties  if  it  like  wife  contained  lime  J. 

This  lad  concluGon  proves  that  M.  Klaproth  had,  with  his  ufual  accuracy,  determined 
the  conftitucnt  parts  of  the  true  lapis.    He,  in  fa£t,  points  them  out  in  the  tenth  article  of 

•  Read  before  the  philofophical  and  mathematical  clafs  of  the  National  Inftitute  of  France  6  Pluviofe, 
An.  S,  and  inferted  in  the  Annales  de  Chimie>  XXXIV.  54. 
'  f  Chemifche  Anna].  1784,  page  396. 

J.Beytrage  zur  Kentnift  der  Mineral  Korpcr,  etc*  Tom.  I.  p.  197.— Annales  de  Chimie,  XXL 
p.  144.  (or  this  Journal,  I.  77.) 
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his  rcfcarchcs  into  mineral  fubftances,  where  it  is  obfervable  that  the  pureft  lapis, 
which  is  called  oriental,  is  a  compofition  of  46  in  the  100  of  filiceous  earth,  28  of 
carbonate  of  lime,  14.5  of  alumine,  6.5  of  fulphate  of  lime,  3  of  oxide  of  iron,  and  2  of 

water. 

He  therefore  corre&ed  the  analyfis  of  MargrafF  by  adding  alumine  to  it,  which  the 
other  had  not  noticed,  and  which  more  than  fifteen  years  ago  I  had  demonftrated  to  be 
contained  in  it,  by  touching  a  plate  of  tbe  lapis  with  fulphuric  acid,  which,  at  the  end  of 
feveral  hours,  left  very  regular  cryftals  of  alum,  which  are  preferred  upon  it. 

But  by  what  principle  can  oxide  of  iron  be  tinged  with  blue  without  being  combined 
either  with  Pruffic  acid,  or  the  acid  of  phofphorus  ?  M.  Klaproth  replies  that  he  cannot 
tell*. 

The  experiments,  of  which  I  (hall  now  give  an  account,  appear  to  me  to  folve  this 
important  queftion ;  but  before  I  explain  the  proceffes  and  their  refults,  I  mud,  for 
greater  perfpicuity,  take  notice  of  fome  operations  which  led  the  way  to  this  conclufion. 

In  the  year  1780,  whilft  I  was  examining  a  well  at  Montolier,  on  the  road  from  Dole 
to  Poligny,  in  fearch  of  coal,  I  found,  at  the  depth  of  35  metres,  a  bank  of  gypfum,  con- 
taining zones  of  a  fine  and  very  lively  red.  I  gave  a  defcription  and  an  analyfis  of  it 
in  the  Journal  de  Phyfique  for  the  month  of  December  in  that  year,  and  I  inferred  from 
my  trials  that  it  was  a  fulphate  of  lime  coloured  by  the  oxide  of  iron. 

The  late  difcovery  of  feveral  new  metallic  fubftances,  fome  of  which  have  the  property 
of  affording  colours  of  great  intenfity,  led  me  to  think  that  the  foffil  of  Montolier  deferred 
a  re-examination  with  the  view  of  fearching  for  one  of  thefe  oxides.  For  this  purpofe, 
at  the  beginning  of  the  prefent  year,  I  appropriated  a  piece  to  thofe  experiments  of  the 
mineral  analyfis  which  make  a  part  of  my  courfe  in  the  polytechnical  fchooL  They  have 
been  purfued  with  no  lefs  accuracy  than  intelligence  by  M.  Deformes,  formerly  a  pupil 
and  operator  at  the  laboratory  of  the  fecond  clafs* 

After  having  afcertained  that  this  mineral  does  not  contain  any  carbonate  of  lime,  ten 
grammes  of  it,  reduced  to  a  powder,  were  ignited  in  a  crucible,  by  which  treatment  the 
colour  became  deeper,  and  changed  to  a  yellow  brown.  There  was  a  lofs  in  weight  of 
22.3  per  cent. 

A.  Muriatic  acid  was  repeatedly  digefted  oft  the  77,7  parts  remaining  after  calcination j 
*they  did  not  become  difcoloured,  and  the  acid  only  deprived  it  of  a  very  minute  portion 
of  iron. 

B.  The  refidue  was  then  boiled  in  a  folution  of  carbonate  of  pot-afli,  and  a  very  fmall 
part  only  has  yet  been  decompofed. 

C*  \tfhat  remained  was  mixed  with  charcoal,  and  treated  in  the  crucible.  A  fulphuret 
being  formed,  it  was  decompofed  by  the  muriatic  acid,  which  feized  the  lime  and  iron* 
The  filiceous  earth  remained  mixed  with  the  fuperabundant  coal. 

•  Beytrage,  &c«  I.  201. 
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D.  The  liquids  of  the  three  preceding  operations  were  put  together,  and  then  divided 
into  two  equal  portions*  From  the  firft  the  iron  was  feparated,  and  was  found  to  weigh 
10.5,  av*d  *t  was  ascertained  that  it  contained  no  other  earth  except  lime.  From  the 
fecond,  eight  decigrammes  or  hundredth  parts  of  lime,  were  obtained. 

The  whole  pf  the  folution,  therefore,  contained : 

Oxide  of  iron  -  -  at. 

Lime  -  -  -  \6* 

Sulphuricacid  -  -  29.1 

the  laft  according  to  the  proportions  determined  by  Klaproth. 

E.  It  remained  to  examine  the  portion  of  earth  left  by  the  acid,  and  which  was  mixed 
with  the  fuperfluous  coal.  It  is  here  that  the  operations  began  to  pre  fen  t  unexpected 
phenomena,  and  which,  by  deviating  from  the  ufual  comrfe,  advife  the  attentive  chemift 
that  he  is  on  the  eve  of  difcovery. 

This  refidue  was  at  firft  calcined  in  the  open  air,  in  order  to  burn  the  coal,  but  the 
Clicecms  earth  remained  black  :  its  weight  was  16.5. 

It  was  treated  with  pot-afh  in  a  crucible  of  platina,  and  yielded  a  fufible  mrfs  of  a 
fuperb  blue  colour. 

Water  poured  upon  it  aflumed  the  fame  colour. 

Nitric  acid  made  it  totally  difappear. 

The  filiceotrs  earth  feparated  by  evaporation  to  drynefs  weighed  wily  &6« 

F.  It  became  of  confequence  to  know  the  -effeel  of  the  different  ve-agents  on  the  acid 
which  had  been  applied  to  the  mafs  fufed  in  the  crucible,  which  might  difcover  the  fnb- 
Hance  which  afforded  its  properties.     The  following  is  the  refult  of  thefe  trials  4 

i.  With  pruffiate  of  pot-afh  this  fluid  yielded  a  precipitate  of  a  yellowtth  green  colour, 
'which  the  addition  of  acids  caufed  inftantly  to  difappear  inftead  of  reviving  the  blue. 

2.  With  the  gallic  acid  there  was  no  precipitate. 

3.  With  fulphurated  hydrogen  there  was  no  precipitate.  This,  indeed,  mm  to 'he  ex- 
pected upon  the  fuppofition  that  iron  alone  was  prefent,  but  it  was  "proper  in  this  manner 
to  exclude  the  other  metallic  fubftances  which  are  precipitated  by  this  re-agent. 

4.  With  hydro- fulphuret  of  ammoniac  there  was  a  fine  green  precipitate. 

5.  With  ammoniac  there  was  a  wliite  precipitate* 

6.  With  pot-afh  there  was  a  light  bhie  precipitate. 

The  two  laft  colours  changed,  in  the  drying,  to  a  yellow. 

Some  comparative  experiments  were  made  at  the  fame  time  with  a  folution -df  nitrate  of 
iron,  and  the  refult  of  them  was  totally  different. 

G.  That  there  might  remain  no  doubt  refpe&ing  the  nature  of  the  fcbftances  by  whofe 
pretence  the  refults  of  thefe  operations  was  afieded  j  fynthefis  was  -called  in  to  the 
afEftance  of  analyfis.  Sulphurct  of  iron  was  prepared  in  the  direct  way;  a  Sufficient 
quantity  of  nitrous  acid  was  poured  upon  it  *  the  filtered  liquid  was  diluted  with  much 
water,  in  order  that  the  excefs  of  acid  might  no  longer  precipitate  the  fulphurated  hydrogen 

1  which 


On  the  Nature  of  the  colouring  Principle  ofehe  Lapis-lazuli. 


311 


which  was  poured  upon  it.  In  this  date  the  fame  re-agents,  which  had  been,  employed 
in  the  former  experiments  prefented  the  fame  phenomena.  It  might  be  imagined  that 
fulphate  of  unoxided  iron  would,  in  the  fame  circumftances,  afford  fimilar  effe&s ;  but 
pruffiate  of  iron  afforded  only  a  white  precipitate,  as  had  been  announced  by  Profeffor 
Prouft. 

H.  It  was  now  eafy  to  draw  a  tronolufion  refpecting  the  analyfis  of  the  red  fulphate  of 
lime  of  Montolier,  It  confirmed  the  obfervation  I  had  made  that  it  contained  nothing  but 
oxide  of  iron,  and  determined  befides  the  quantities  of  its  conftituent  parts,  which  are 
as  follows  2 


Sulphuric  acid 

m 

29.I 

Lime                 -                   - 

16. 

Oxide  of  iron 

- 

21.9 

Siliceous  earth 

- 

8.6 

Water  driven  off  by  the  firft  calcination 

- 

22.3 

Lofs                 ... 

- 

2.1 

1 

100.0 

The  termination,  however,  of  this  fubjeft  opened  a  path  to  new  enquiries,  of  which 
it  is  now  time  to  give  an  account. 

I.  From  obferving  the  blue  colour  which  the  fulphate  of  lime  of  Montolier  had 
affumed  by  the  addition  of  pot-a(h,  the  effects  of  the  re-agents  upon  the  acid,  in  which 
its  iron  is  held  in  folution,  and  more  particularly  the  difappearance  of  the  green  precipitate 
formed  by  pruffiates  by  the  addition  of  an  acid,  M.  Deformes  immediately  recollected  that 
be  had  obferved  phenomena  perfectly  fimilar  in  fome  experiments  performed  during  lad 
year  with  Citizen  Clouet  upon  the  lapis-lazuli.  This  fact  already  afforded  a  ftrong 
indication  that  the  (lone  in  effect  contains  no  other  colouring  metallic  oxide  than  iron. 
,  It  remained  therefore  only  to  purfue  the  coincidence  of  the  facts  in  all  their  circumftances, 
to  determine  the  particular  ftate  in  which  this  metal  is  found  when  it  produces  this 
beautiful  blue  compofition.  Some  experiments  added  to  the  obfervations  already  known 
upon  the  properties  of  the  lapis-lazuli  will  form  this  connection. 

The  lapis-lazuli  may  be  urged  to  a  red  heat,  and  even  lofe  0.2  of  its  weight,  without 
any  vifible  alteration  in  its  colour  \  but  with  a  ftronger  beat,  fuch  as  that  of  the  furnace  of 
an  enameller,  its  colour  changes  to  grey.  By  (till  encreafing  the  intenfity  of  the  fire,  it  is 
reduced  to  a  brownifh  glaffy  fcoria,  with  a  diminution  of  from  10  to  11  hundredths  of 
its  weight. 

L..  When  the  lapis  is  pulverized,  a  fmell  of  muflc  is  fometimes  perceived,  which 
alumine  and  magnefia  equally  afford  when  they  are  united  with  a  little  fulphur. 

M.  The  lapis  is  difcoloured  with  more  or  lefs  quicknefs  by  the  three  acids  which  are 
called  mineral.  The  nitrous  acid  acts  almoft  inftantaneoufly ;  the  muriatic  acid  is  lefs 
fpeedy;  and  the  fulphuric  acid  acts  the  moft  flowly.  Thefe  acids  often  difengage  the 
fame  fmell  as  is  produced  by  trituration. 

If 
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If  the  nitrous  acid  be  concentrated,  it  affords  nitrous  gas,  and  fometimes  when  the  lapis 
contains  carbonate  of  calx,  carbonic  acid  gas.  The  liquid,  when  tried  by  the  pruffiates, 
affords  a  precipitate  whofe  colour  refembles  that  of  Pruffian  blue,  but  vifibly  inclining 
towards  a  green  which  is  deftroyed  by  acids.  The  hydro-fulphuret  of  ammoniac  occafions 
a  precipitate  inclining  to  black. 

When  nitrous  acid,  diluted  with  water,  is  ufcd,  there  is  a  difcngagement  of  a  fmall 
quantity  of  fulphurated  hydrogen.  The  pruffiates  then  form  only  a  bright  green  precipitate 
in  the  liquid,  which  is  inftantly  deftroyed  by  acids  :  with  hydro-fulphuret  of  ammoniac  the 
precipitate  is  of  a  fine  green. 

When  the  lapis  has  been  previoufly  fubje£ted  to  calcination,  the  dilute  nitrous  acid 
difengages  a  little  of  the  fulphureous  acid  gas. 

N.  Thefe  fadts  not  only  prove  that  the  lapis-lazuli  contains  a  fmall  portion  of  fulphur,  but 
they  alfo  demonftrate  the  idenity  of  the  colouring  principle  of  this  ftone  with  every  com* 
poGtion  in  which  earthy  fubftances  enter  into  combination  with  fulphuret  of  iron.  For  we 
have  feen  (F.  G.)  the  fulphate  of  lime  containing  iron,  and  converted  by  charcoal  to  the 
ftate  of  fulphuret  of  iron  ;  and  the  fulphuret  of  iron,  prepared  in  a  direft  manner,  prefent 
the  fame  phenomena  under  the  fame  circumftances. 

O.  Before  I  conclude  this  memoir,  I  (hall  make  a  few  observations,  to  guide  thofe 
perfons  who  may  be  difpofed  to  repeat  thefe  experiments. 

The  compofition  of  every  fpecimen  of  lapis-lazuli  is  not  effentially  the  fame.  In  many 
pieces,  and  even  in  what  is  called  the  oriental,  we  diftin&ly  perceive  the  fulphuret  of 
iron  in  cryftals  with  the  metallic-brilliancy  *,  fometimes  it  is  difleminated  in  fmall  portions; 
^and  this' undoubtedly  is  the  caufe  which  has  hitherto  prevented  the  mod  accurate  chemifts 
from  afcertaining  the  true  colouring  principle  of  this  fubftance.  They  have  confidered 
the  fulphur  merely  as  an  accidental  produ&  foreign  to  the  fubjeft  of  analyfis,  without 
fufpe&ing  that  there  exifted  a  blue  fulphuret  of  iron.  It  is  obvious  that  in  experiments  of 
this  kind  the  greateft  attention  fliould  be  paid  to  the  choice  of  fragments  abfolutely  exempt 
of  all  pyritous  admixture,  or  fulphuret  of  iron  of  a  metallic  yellow. 

The  prefence  of  this  laft  fulphuret  is  not  the  only  difference  which  is  found  in  the 
fpecimens  of  the  lapis*  Out  of  three  kinds  which  were  fubje&ed  to  experiment,  one  con- 
tained fulphate  of  lime  and  filiceous  earth,  with  cryftalized  fulphuret  of  iron,  and  the  blue 
fulphuret  of  the  fame  metal :  the  fecond  alfo  contained  barytes :  the  third,  which  was 
abfolutely  free  from  pyritous  admixture,  contained  alfo  alumine  and  carbonate  of  lime  in 
its  compofition,  like  that  which  Was  analyfed  by  M.  Klaproth. 

The  fa&  of  cryftals  of  alum  being  rapidly  formed  upon  a  fine  plate  of  the  lapis,  as 
before  remarked,  proves  beyond  all  doubt  that  fome  fpecimens  contain  accidentally  a  fmall 
quantity  of  pot-afh.  It  will  be  proper,  therefore,  to  feek  the  colouring  principle  amongft 
thofe  component  parts  which  are  effcntial  to  the  ftone,  and  not  to  be  diverted  too  much  by 
thefe  accidental  variations.  We  muft  not,  however,  fuppofe  that  the  affinity  of  the  earths  to 
each  other,  or  to  the  colouring  principle)  is  without  their  influence  upon  the  nature  of  the 

compound* 


Colouring  Matter  of  Lapis  Lazuli,  &c.  313 

compound.  A  very  ftrong  proof  to  the  contrary  offered  itfdf  in  one  of  the  fynthetical 
operations.  Sulphate  of  lime  abounding  with  iron  having  been  treated  with  powdered 
charcoal,  and  then  kept  in  digeftion  in  nitrous  acid  •,  the  prufliate  of  pot-afh  at  firft  had 
no  other  efie&  but  to  turn  the  fluid  green,  without  affording  any  precipitate ;  the  addition 
of  a  folution  of  alumine  immediately  determined  a  green  precipitate,  which  was  tajcen  up 
by  acids,  and  was  a£ted  upon  in  all  refpe&s  like  that  which  was  obtained  from  the  decom* 
pofition  of  the  lapis* 

CONCLUSION. 

I  return  to  the  confequences  which  appear  to  me  to  refult  from  the  fa&s  kid  down  in 
this  memoir. 

i°.  The  fulphate  of  lime  of  Montolier  is  coloured  by  a  red  oxide  of  iron,  which  adheres 
fo  ftrongly  to  the  filiceous  earth  as  to  refill  the  a&ion  of  adds. 

2°.  This  fulphate,  treated  with  charcoal,  produces  a  fulphuret  of  iron,  in  which  this 
metal. is  left  oxided,  which  being  diflblved  in  acids,  no  longer  affords  a  Pruffian  blue  by 
fhe  pruffiates,  but  a  green  precipitate,  which  is  deftroyed,  inftead  of  being  brightened,  by 
acids,  and  which  preferves  its  peculiar  blue  colour  in  pot-afh  itfelf,  and  in  the  Tire  which 
its  dry  fufion  requires. 

30.  In  operating  upon  fulphuret  of  iron  prepared  in  the  dired  way,  a  produQ  is  ob- 
tained which  manifefts  the  fame  properties  in  the  fame  acids,  and  by  the  fame  re-agents. 

40.  Thefe  phenomena  are  exaQly  fimilar  to  thofe  which  the  lapis  prefents  when  it  is 
fubje&ed  tp  the  fame  operations. 

59.  So  that  we  can  at  pleafure  form  the  blue  colouring  principle  of  the  lapis,  with  the 
only  difference  which  neceflarily  refults  in  the  natural  produ&,  from  the  flow  combination 
of  the  principle  with  the  earths  and  the  fulphate  of  lime. 

6°.  In  a  word,  the  blue  fulphuret  of  iron  is  the  true  and  only  colouring  principle  of 
all  the  varieties  of  the  lapis,  and  prbbably  alfo  of  the  mineral  known  by  the  name  of 
blue  ftone  of  Vorau. 


» 
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V. 

Mxperitrunts  made  with  the  Metallic  Pile  of  Signer  Volia,  principally  direiled  to  a/certain 
the  Powers  of  different  Metallic  Bodies.    By  Lieut.  Col.  Hxhkt  HaIoavm. 

LETTER  m. 

To  Mr.  NICHOLSON. 
SIR, 

T 

JL  HE  apparatus  I  have  ufed  in  the  following  experiments  is  of  a  very  fimple  conftru&loa, 
A  deal  board,  of  about  fix  feet  long,  three  inches  wide,  and  one  inch  in  thicknefs.    The 
middle  of  the  board  is  fluted  longitudinally,  the  channel  being  0.6  inch  wide.    The* 
V*i.  IV.— October  1800,  Si  metallic 
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metallic  pieces,  which  were  ufed,  being  circular,  and  about  1.3  inch  diameter,  tefted* 

«...  *  ,  • 

upon  the  edges  of  this  groove,  and  which,  with  a  fmall  block  of  wood  at  each  extremity  or 
bafe,  ferved  to  keep  them  in  their  places.  The  board  being  inclined'  to  the  horizon,  the 
channel  carried  off  the  water  that  oozed  from  the  wetted  difcs.  * 

In  thofe  experiments  in  which  mercury  was  combined  with  other  metals,  it  became 
neceffary,  on  account  of  the  fluidity  of  the  mercury,  to  adopt  fome  other  contrivance  for . 
the  apparatus,  by  which  the  flowing  of  the  mercury  might  be  prevented.  To  efie&  this* 
I  procured  20  flat  pieces  o{  mahogany  of  two  inches  fquare,  and  of  0.3  inch  in  thick- 
nefs :  in  the  middle  of  each  of  thefe  pieces  was  made  a  circular  hole,  of  one  inch 
diameter  on  the  lower  fide,  and  of  1  5  inch  diameter  on  the  upper  fidd^  forming  a  rabbet 
at  about  two-thirds  of  the  thicknefs  of  the  wood  from  the  upper  furface.  The  lower 
fide  was  then  covered  with  a  piece  of  leather  attached  to  it  with  a  cement,,  which  was  not 
eafily  afted  upon  by  the  water  ufed  in  the  experiment ;  and  the  leather  was  turned  up 
the  fides  of  the  wood  to  make  it  more  fecure.  The  cement  I  ufed  is  .made  of  melted  wax; 
rofin,  and  red  ochre. 

When  this  apparatus  was  to  be  ufed,  the  pieces  of  wood  were  put  into  pure  water  for 
a  fufficient  time  to  foak  the  leather ;  and  when  taken  from  the  water,  the  mercury  was 
poured  into  the  fmall  citterns,  filling  them  to  the  edge  of  the  rabbet;  the  folid  metal  was 
then  laid  upon  the  rabbet,  having  its  lower  furface  in  conta£l  with  the  mercury.  If  this 
folid  metal  was  not  of  fufficient  thicknefs  to  be  level  with  the  furface  of  the  wood,  a  wetted 
difc  was  laid  upon  it  to  fill  up  the  vacant  fpace.  Thefe  fmall  blocks  of  wood,  thus  pre-, 
pared,  being  piled  upon  each  other,  the  metallic,  fubftances  they  contained  became  capable 
of  a&iiig  as  a  galvanic  apparatus* 

The  order  in  which  thefe -experiments  are  arranged  is  according  to  the  degrees  of  in- 
fluence, the  different  metals  feemed  to  poffefs,  in  forming  the  oxydating  bafes  or  poles  of 
the  apparatus,  when  any  oxydable  metallic  wires,  placed  in  tubes  of  water,  were  fub- 
mifted  to  examination  ;  the  other  metal  conftituting  the  oppofite  or  gafeous  bafe  or  pole* 
The  difes,  that  were  ufed,  were  fometimes  of  card,  and  fometimes  of  leather,  and  were 
foaked  in  pure  water.  Though  the  epidermis  of  an  animal  is  obvkmfly  an  tnfolatiDg: 
'fubftance,  with  refpe&  to  the  galvanic  influence  (but  lofes  a  part  of  that  property  by  being 
wetted)  yet  I  have  not  difcovered  any  difference  in  the  effed,  whether  wetted  card,  or 
wettpd  leather,  was  employed;  the  leather  has  the  adyantage  of  retaining  the  moifture* 
which  is  fo  abfolutely  reqtiifite  .in  the  whole  operation  of  a  galvanic  apparatus,  a  longer 
time  than  the  card ;  but  it  difcolours  very  much  the  adjoining  furfaces  of  the  metallic 
plates.  It  feems  to  be  only  neceffary  that  each  pair  of  plates  (hould  be  feparated  from 
the,  adjacent  pairs  by  fome  fubtt  mce'that  is  not  a  perfe&  Condu&or  of  the  galvanip  in- 
fluence, a  property  which  feems  to  be  confined  to  metalline  fubftances ;  and  that  the  . 
feparating  fubftance  or  difc  (hould  be  twnftantly  wet.  The  wire  ufed  in  thefe  experiments 
was  of  copper,  and  the  glaft  tubes  were  filled  wjtb  pure  water. 

3  Exptrimtpt 
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Exprnnunt  I.— Zinc,  combined  with  gold —  filver—-  iron  —  copper*— lead  —  tin  — 
mercury. 

The  refults  of  all  thefe  combinations  were :— -the  cauftic  fenfation  felt  by  the  tongue*   - 
the  irritation  and  galvanic  {hock ;  and  the  oxydation  of  the  copper  wire.    The  zinc  always 
forming  the  oxydating  bafe  or  pole,  and  the  other  metals  conftituting  the  gafeous  bafe* 
or  pole. 

In  the  combination  with  gold,  (which  was  40  guineas,  and  the  zinc,  the  dimenfions  of  , 
*n  half  crown  piece)  the  galvanic  apparatus  feemed  to  aft  with  mpre  vigour  than  under 
any  other  combination,  and  which  was  made  apparent  by  comparing  it  with  an  apparatus 
compofed  of  (hillings,  inftead  of  the  half  crowns,  which  were  employed  in  all  the  other 
combination*  in  which  filver  was  ufed.  In  the  combination  of  zinc  with  Silver,  the  ap- 
paratus, which  was  compofed  of  40  pairs  of  cine  and  half  crowns,  aftcjl  with  about  the 
fame  power  as  the  gold  apparatus ;  but  this  difference  might  be  obferved,  that  in  the  gold 
apparatus  the  wire  conne&ed  with  die  zinc  bafe  or  oxydating  pole  began,  after  having^ 
depofited  much  green  oxide  of  copper,  to  give  out  bubbles  of  air,  when,  in  the  filver  and 
other  apparatus,  the  wire  connected  with  the  gafeous  bafe,  after  a  fliort  time,  began  to 
depofit  oxides  that  is,  in  the  gold  apparatus  the  power  of  producing  gas  feemed  to  pre* 
dominate,  and  in  the  other  combinations  with  zinc,  that  of  producing  oxide. 

The  combinations  of  zinc  with  the  other  metals  produced  much  oxide  and  gas,  and 
their  powers  of  a&ing  feemed  to  be  in  the  order  of  iron,  copper,  lead,  tin,  mercury.  In 
the  combination  with  mercury,  the  effefts  were  the  mod  feeble.  The  Surface  of  the  zinc 
in  contaft  with  the  mercury  became,  of  courfe,  much  amalgamated. 

The  green  oxide  of  copper  in  the  tubes  was  examined^  by  putting  feme  drops  of  am- 
moniac (aqua  ammonia  pur  a)  into  each  of  the  tubes;  the  green  oxide  was  difibtved* 
and  the  water  acquired  a  blue  tinge,  but  fome  flakes  of  a  brown  fubftance  remained  in  the 
tubes,  not  a&ed  upon  by  the  ammoniac.  This  brown  matter  was  not  always  formed  by 
all  combinations,  but  the  filver  and  copper  always  produced  it. 

Experiment  2.— Iron,  combined  with  gold— filver— copper— Jead— -tin— mercury. 

In  thefe  combinations  the  refults  were  nearly  fimilar  to  thofe  of  the  firft  experiment^ 
the  iron  forming  the  oxydating  bafe  or  pole,  and  the^other  metals  conftituting  the  oppofite 
or  gafeous  bafe  or  pole  $  but  thefe  apparahis  a&ed  more  feebly,  than  the  combinations 
with  zinc,  excepting  when  iron  was  combined  with  mercury,  with  which  it  feemed  to  aft  ar 
powerfully  as  any  combination  in  the  firft  experiment  With  gold  and  filver,  iron  feemed 
to  a&  tolerably  well,  produced  much  oxide,  and  gas.  With  copper  it  sited  more  feebly, 
and  very  minute  bubbles  only  of  air  were  produced.  With  zinc  and  tin,  it  only  formed 
a  cloud  in  the  water,  and  no  gas  appeared  at  the  extremity  of  the  oppofite  wire.  The 
powers  of  thefe  combinations  with  iron  appeared  to  be  in  the  order  of  mercury— gold— 
filver— coppeT— lead— tin. 

The  different  colours  and  quantity  of  ruft  formed  upon  the  furfaces  of  the  iron  pieces    : 
ajrhen  combined,  with  mercury,  gold,  and.  iifoer,  compared  with  what  was  formed  U 
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the  othet  combinations  of  iron,  were  worthy  of  notice.  With  gold,  the  ruft  was  very 
red  and  very  bright.  The  part  of  the  iron  in  contaft  with  the  mercury  retained  its 
metallic  luftre.  •   r 

Experiment  3.— Lead,  combined  with  gold— filver— copper— tin— mercury. 

In  thefe  combinations  the  operations  of  the  ^galvanic  apparatus  were  very  feeble*  The 
lead  formed  the  oxydating  bafe.  When  combined  with  gold  or  Giver,  oxide  was  depofited 
from  the  wire  conne&ed  with  the  lead,  and  the  other  bafe  produced  fome  gas.  With 
copper,  the  oxide  was  more  fparingly  formed,  and  very  minute  bubbles  of  air  appeared  at 
the  extremity  of  the  wire  conne&ed  with  the  copper.  With  tin,  only  a  fmall  cloud  ap- 
peared at  the  extremity  of  the  wire  conne&ed  with  the  lead,  and  no  gas  was  formed  by 
the  oppofite  wire.  With  mercury,  20  pieces  of  lead  a£ted  very  feebly  \  fcarce  any  efieft 
was  perceptible,  a  fmall  fpeck  of  a  cloud  was  vifible  at  the  extremity  of  the  wire  conne&ed 
with  the  lead,  and  no  gas  at  the  oppofite  wire :  but  from  the  caufticity  which  at  firft  was 
perceptible,  it  appeared  that  thefe  metals  in  greater  quantities  might  be  capable  of  a&ing. 
The  lead  was,  of  courfe,  much  amalgamated  by  the  mercury* 

Experiment  4.— 'Tin,  combined  with  gold— Giver— copper— mercury. 

Thefe  combinations  a&ed  more  feebly  than  any  in  the  former  experiments.  The  tin, 
when  any  effe&  was  apparent,  was.  always  the  oxydating  bafe,  but  it  produced  only  a  cloud 
in  the  water  in  the  glafs  tube.  With  44  pieces  of  gold  (guineas)  a  fmall  quantity  of  gas 
appeared,  but  with  Giver,  or  copper*  no  gas  was  vifible  at  the  extremities  of  the  wires 
conneftcd  with  thofe  bafes,  till  the  apparatus  was  increafed  to  160  pairs  of  metallic  plates. 
With  mercury,  no  cffcSt  was  produced,  not  even  caufticity  was  perceptible,  and  the  tin, 
which  was  20  circular  pieces  of  tin-foil,  was  foon  amalgamated,  and  nearly  difiblved  by 
the  mercury. 

Experiment  5.— -Copper,  combined  with  gold— filver— mercury. 

In  thefe  combinations,  no  efie&  was  vifible,  excepting  in  the  combination  of  67  pairs  of 
copper  and  Giver.  The  wire,  which  was  connected  with  the  copper,  was  furrounded  with 
fmall  bubbles  of  air,  and  formed  a  cloud  in  the  water,  but  the  wire  conne&ed  with  the 
jilver  bafe,  produced  no  gas.  With  56  guineas  the  copper  (penny  pieces. that  have  been 
always  ufed)  produced -no  oxyde  and  no  gas,  but  when  the  apparatus  was  put  together,  a 
cauftic  fenfation  was  perceptible  upon  touching  it  with  the  tongue,  and  which  feemed  to 
indicate  a  tendency  to  aft  as  a  galvanic  apparatus  if  the  number  of  metallic  plates  had  been 
increafed.    With  mercury,  20  plates  of  copper  produced  no  effefts  whatever. 

Experiment  5.— Silver,  combined  with  gold. 

In  this  combination  of  30  pairs  of  plates,  no  caufticity,  and  no  effeft  whatever,  was 
perceptible. 

Judging  from  the  refultsof  former  experiments,  it  was  not  thought  necefiary  to  combine 
either  Giver  or  gold  with  mercury,  as  no  effefk  could  be  expe&ed  that  was  likely  to  com* 
penfate  for  the  certain  amalgamation 'of  thofe  metals %  but  it  would  have  been  very  de- 
ferable to  have  extended  thefe  enquiries  to  the  cffc&s  which  the  other  metallic  fubftance*. 
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combined  in  the  form  of  a  galvanic  apparatus  would  produce)  particularly  plathta ;  whe- 
ther it  would  a&  with  the  other  metals  in  a  manner  fimilar  to  gold  or  filver,  forming  always 
the  gafeous  baft  of  the  apparatus ;  or  whether  it  would  be  capable  of  a&ing'  with  thofc 
metals  like  zinc,  iron,  &c.  and  form  the  oxydatiqg  pole  of  the  combinations}  but platitta, 
particularly  in  a  malleable  ftate,  was  found,  upon  enquiry,  to  be  too  ezpenfiye  an  article 
to  be  employed  by  an  individual  for  this  purpofe,  efpecially  at  a  time,  when  money  is  fo 
frequently  required  for  many  other  experiments  j  indeed  if  might,  in  fome  degree,  be  fub- 
mitted  to  examination  in  its  granular  form,  by  means  of  the  apparatus  which  I  juried  in 
the  experiments  with  the  quickfilver. 

Experiment  6.  The  obje&  of  this  experiment,  was  to  examine  the  effects  produced  by 
increafing  the  number  of  pieces  that  compofe  a  galvanic  apparatus  j  and  to  afcertain  whe- 
ther its  power  increafes  in  a  greater  proportion,  by  augmenting  the  number  of  metallic 
plates,  or  by  extending  their  furface. 

The  firft  apparatus  confided  of  200  half  crown  pieces,  combined  with  200  pieces  of 
zinc  of  the  fame  diameter ;  and  the  difes  were  leather  foaked  in  pure  water.  This  appa- 
ratus was  placed  upon  the  board  before  defcribed,  extending  in  length  3  feet  9  inches.  The 
eflfeds  of  this  combination  were  very  feeble  in  proportion  to  its  dimenfions  t  when'  com- 
pared with  an  apparatus  of  forty  pair  of  plates,  its  power  was  not  increafed  in  the  propor- 
tion of  5  to  1.  It  was  then  re-conftru&ed,  and  put  together  with  leathern  difes  foaked  in 
a  folution  of  muriate  of  ammonia  (fal  ammoniac). 

The  refult  was,  that  this  apparatus  aftcd  very  powerfully ;  the  caufticity,  and  the  gal- 
vanic (hock  were  more  Jevere;  the  oxidation  of  the  copper  wire  was  more  rapid  \  and  the 
bubbles  of  air  more  copioufly  formed  in  the  tubes  of  water.  When  the  tongue  was  made- 
part  of  the  circuit,  the  fenfation,  which  in  the  fmaller  apparatus  feemed  to  be  rather 
cauftkr,  refembled  in  this  a  pulfation,  upon  every  repetition  of  the  (hock \  when  the  (hock 
was  received  upon  the  cheek,  a  flaih  of  light  appeared  before  the  eyes,  as  when  die  tongue 
had  formed  a  part  of  the  circuit.  When  two  wires  conne&ed  with  the  bafes  of  this  appa- 
ratus, wertf  immerged  tn  feparate  veflels  of  water,  and  the  fingers  of  each  hand  were 
brought  into  contaft  with  the  water  only*  a  galvanic  (hock  was  very  perceptible,  and  a  con- 
tinued numbnefs  was  felt,  if  the  fingers  were  permitted  to  remain  in  the  water.  From 
this  experiment  k  is. obvious,  that  the  increafed  efie&s  of  a  gahranic  apparatus,  depend 
more  upon  the  nature  of  the  fubftances  which  .enter  into  its  compofition,  than  upon  the 

number  of  metallic  plates. 

i       »  — 

PART    II.       EXPERIMENT    6. 

In  this  experiment,  it  was  propofed  to  examine  the  effects  of  a  galvanic  apparatus  com- 

.pofed  of  20  pairs  of  metallic  plates,  each  fix  inches  diameter,,  but  being  difappointed  in 

obtaining  the  plates  of  zinc,  the  experiment  has  been  deferred.    The  combinations  of 

lead,  iron,  lead,  and  tin,  hayebeen  examined,  and  from  the  increafed  efie&s  which  they 

exhibited,  and  which  are  always  very  feeble,  there  as  littU  reafon  toexpeft,  that  the**- 
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creafed  furface*  of  the  phtes  ia  a  galvanic  apparatus,  will  be  produ&ive  of  proportionablf 
increafed  power*  •      ^ 

Experiment  7.  This  experiment  is  not  very  Siffimilar  to  that  which  you  have  related  ia 
your  Journal,  (page  185)  in  which  you  propofed  to  examine  the  aeriform  matter,  fe- 
parately,  that  was  produced  by  each  of  the  bafes  or  poles  of  a  galvanic  apparatus.  In  this 
experiment,  an  ele&ric  explofion  was  pafled  through  the  gafes  which  iflued  from  the  two 
extremities  of  gold  wire  connc&ed  with  the  oppofite  bafes  of  the  apparatus. 
„  The  apparatus  that  was  ufed  was  compofed  of  200  plates  of  zinc,  and  200  half  crown 
pieces,  the  difes  were  of  leather  foaked  in  a  folution  of  muriate  of  ammonia  ;  the  extremi- 
ties of  two  pieces  of  gold  wire  were  introduced  into  a  fmall  glafs  vefiel  filled  with  pure 
water ;  having  an  interval  between  them  of  i  of  an  idth.  This  fmall  veflel  being  com-  , 
pletely  immerged  in  a  larger  veflel  of  water,  was  inverted,  and  the.  proje&ing  ends  of  the 
gold  wire  attached  to  the  bafes  of  the  apparatus. 

The  refult  was,  that  gas  iflued  molt  copioufly  from  both  the  extremities  of  the  Wire, 
immerged  in  the  water,  and  afcended  to  the  upper  part  of  the  vefiel,  where  it  was  colleded 
in  a  large  bubble,  in  the  courfe  of  the  time  the  apparatus  continued  to  aft,  which  was 
about  thirty  hours.  The  wire  conne&ed  with  the  zinc  bafe  was  3  feet  6  inches  in  length* 
and  the  wire  connc&ed  with  the  filver  bafe,  about  one  foot.  The  former  became  much 
tarnifhed,  gave  out  much  air,. but  not  fo  rapidly,  or  for  fo  long  a  time,  as  the  oppofice 
wire.  The  part  of  the  wire  connected  with  the  filver  bafe,  that  pafled  through  the  water 
in  the  outer  veflel,  alfo  gave  out  much  air,  and  became  at  lad  incrufted  with  fome  white 
fubftance ;  upon  the  bubbles  which  were  conftantly  afcending  from  tins  wire,  a  fmall  quan- 
tity of  tin&ure  of  turnfole  was  dropped,  but  it  underwent  no  change  of  colour.  No  oxide, 
or  even  a  cloud,  was  produced  in  the  water  by  either  of  the  wires. 

The  gas  thus  colle&ed  was  decanted  into  a  glafs  tube,  which  was  bent,  the  branches 
being  about  four  inches  long,  and  two  inches  af under ;  the  interior  diameter  was  0.3  inch, 
and  the  gas  occupied  1.5  inch  in  the  curved  part  of  this  -cube.  The  branches  being  then 
placed  in  feparate  veffcls  of  water,  and  two  metallic  wires  having  been  previouily  fixed  m 
this  tube,  having  a  fipall  interval  between  their  extremities  at  the  part  where  the  bubble 
reftcid ;  the  difcharge  of  a  fmall  ele&rical  jar  was  pafled  through  thefe  wires,  and  the  ex- 
plofion whiph  took  place  in  the  bubble,:  had  fufficient  force  to  raife  the  tube,  the  weight  of" 
which,  with  the  wire  and  water  it  contained,  was  about  three  ounces.  The  bubble  of 
air  was  reduced  to  lefs  than  half  its  original  dimenfiotis,  either  by  a  diminution  of  its  quan- 
tity, or  of  its  elafticity.  Many  ele&rical  explofions  were  then  pafled  through  the  remain- 
ing air,  and  alfo  through  it,  when  mixed  with  atmofpheric  air,  but  without  producing  any 
motion  in  the  tube,  or  any  other  feffe&. 

The  tube  was  then  removed,  and  a  fmall  quantity  of  a  mixture  of  oxygenous,  and  hy- 
drogenous gas,  which  happened  to  be  ready  prepared,  was  admitted  into  it,-  fo  as  to  fdrm  a 
Rubble  of  die  fame  dimenfions  as  before ;  and  upon  paffing  the  difcharge  of  the  ele&rical 
-jartthrough  it,  the  efe<3U  were  precifcly  the  lame,  as  were  obferred  in  the  air  extricated 
from  the  gold  wire,  by  the  operation  of  die  galvanic  apparatus. 

Experiment 
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Eptperiment  8*  By  the  7th  experiment  contained  in  my  letter  of  the  24th  of  June>  it 
appears  that  a  galvanic  apparatus  is  not  capable  of  a&ing  in  a  Boolean  vacuum  *.  In  this 
experiment,  I  introduced  into  three  fe*parate  glafs  receivers  (of  1  foot  3  inches  in  height* 
and  5.5  inches  diameter)  placed  over  water,  three  galvanic  apparatus,  eaohof  forty  half 
crowns  with  zinc,  and  the  dlfcs  foaked  in  pure  water.  The  firft  receiver  was  full  of  at* 
mofpheric  air ;  the  fecond  had  been  filled  with  oxygenous  gas  prepared  from  mangancfe 
and  folphuric  acid  ;  and  the  third  contained  azotic  or  nitrogene  gas,  which  had  been  ob- 
tained  by  leaving  a  mixture  of  1 .5  ounces  of  iron  filings,  with  fulphur  in  it  for  five  days, 
during  which  time  the  water  had  rifen  in  it  about  four  inches.  Three  glafs x  tubes  filled 
with  pure  water  as  before,  and  with  copper  wires,  were  joined  to  brafs  wires,  which  had 
been  previoufly  fixed  to  the  bafes  of  the  apparatus,  and  patting  under  the  bottom  of  the  re- 
ceiver, were  extended  above  the  fuiface  of  the  water  in  the  citterns. 

The  refult  of  this  experiment  was,  that  the  copper  wires  attached  to  the  apparatus  in 
the  receiver  filled  with  atmofpheric  air,  produced  oxide  and  gas  as  ufual,  but  not  in  fuch 
quantities  as  when  the  apparatus  has  free  accefs  with  the  external  air.  The  wires  attached 
to  the  apparatus  in  the  receiver  of  oxygenous  gas,  formed  gas  and  oxide  mod  copioufly, 
even  part  of  the  brafs  wire  attached  to  the  zinc  bafe,  depofited  much  oxide  within  the  re- 
ceiver.  The  wires  attached  to  the  receiver  of  azotic  gas,  produced  neither  oxide  or  gas, 
and  the  galvanic  apparatus  had  no  apparent  effect. 

The  tubes  after  remaining. twenty  hours  were  removed,  and  new  wire  attached  to  the 
apparatus  in  the  receivers  containing  atmofpheric  air,  and  the  oxygenous  gas ;  but  they 
produced  only  a  faint  cloud  in  the  water.  The  water  had  rifen  in  the  receiver,  which  ma- 
pifeftly  indicated  a  diminution  of  the  original  quantity  of  air. 

CONCLUSION. 

From  this  experiment,  and  from  the  examination  of  the  ftate  to  which  atmofpheric  air 
is  reduced  in  a  glafs  receiver,  placed  over  a  galvanic  apparatus  and  confined  by  water,  I 
think  we  may  venture  to  agree  in  opiniqn  with  Cit.  Fabroni,  (Phil.  Journal,  vol.  UI# 
p»  3Q8)  that  the  effe&s  of  <galvanifm  depend  on  a  chemical  operation,  and  are  produced 
principally  by  the  attraction  of  oxygen  from  the  atmofphere,  and  therefore,  on  the  prefent 
theory,  the  whole  operation  can  be  received  only  as  a  combuftion,  fimilar  to  that  which 
arifes  from  the  combinatioaof  fulphur,  and  iron  filings  with  water. 

\  1  remain,  Sir,. 

with  much  efteem> 
your  molt  obedient, 
humble  Servant, 

HENRY  HALDANE. 

« 

I  have  fubmitted  to  examination  fulphur  and  iron  filings,  in  the  apparatus  I  ufed  for 
the  quick  filver ;  but  I  do  not  perceive  that  that' combination  produces  any  efieft  afa  gal- 
vamc  apparatus. 

*  Vide  Mr.  Boyle's  Letter  to  Lord  Dungarvon,  page  io*  Qgart»9 

Invtfligatwt 


Croydon,  Aug**$%  i8oc. 
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VI. 

Inve/tigation  of  the  Powers  of  the  Prifmatic  Colours  to  heat  and  illuminate  Objc8s\  with 
Remarks  that  prove  the  different  Refrangibility  of  radiant  Heat.  To  which  are  added* 
an  Inquiry  into  the  Method  of  viewing  the  Sun  advantagcoufly,  with  Tele/copes  of  targe 
Apertures  and  high  magnifying  Power  s%  *  and  Experiments  on  the  Refrangibility  of  the 
invifibU  Rays  of  the  Sun.    By  Wills  am  Herschel*  L  JL  D.  F.  R.  S*. 

JL  HIS  eminent  philofophcr  begins  his  firft  paper  by  obferving,  that  it  is  fometimes  of 
great  ufe  in  natural  philofophy,  to  doubt  of  things  which  are  commonly  taken  for  granted  ; 
efpeciaUy  as  the  means  of  refolving  any  doubt  when  once  it  is  entertained,  are  often  within 
our  reach*  Whence  it  may  be  affirmed}  that  any  experiment  which  leads  us  to  inveftigate 
what  was  before  admitted  upon  truft,  may  become  of  great  utility  to  natural  knowledge. 
Thus  for  inftance,  when  we  fee  the  effefl  of  the  condenfation  of  the  fun's  rays  in  the  focus 
of  a  burning  lens,  it  feems  to  be  natural  to  fuppofe,  that  every  one  of  the  united  rays  contri- 
butes its  proportional  (hare  to  the  intenGty  of  the  heat  which  is  produced ;  and  we  fhould 
probably  think  it  highly  abfurd,  if  it  were  averted,  that  many  of  them  had  but  little  con* 
cern  in  the  combuftion  or  vitrification  which  follows  when  an  obje£t  is  put  into  that  focus. 
From  thefe  confiderations,  he  has  thought  fit  to  mention  what  led  him  to  furmife,  that  the 
power  of  heating  and  illuminating  obje&s  might  not  be  equally  diftributed  among  the  va- 
rioufly  -coloured  rays. 

In  a  variety  of  experiments  occafionally  made,  relating  to  the  method  of  viewing  the  fun 
with  large  telefcopes  to  the  beft  advantage,  he  ufed  various  combinations  of  -differently  co- 
loured darkening  glafles.  What  appeared  remarkable  was,  that  when  he  ufed  fome  of 
them  he  felt  a  fenfation  of  heat,  though  he  had  but  little  light ;  while  others  gave  much 
light,  with  fcarcely  any  fenfation  of  heat.  Now  as  in  thefe  different  combinations  the  fun's 
image  was  alfo  differently  coloured,  it  occurred  to  him  that  the  prifmatic  rays  might  have ' 
the  power  of  hearing  bodies  very  unequally  diftributed  among  them;  and  as  he  judged  it 
right  in  this  refpeft  to  entertain  a  doubt,  it  appeared  equally  proper  to  admit  the  fame  with 
regard  to  light.  If  certain  colours  lhould  be  more  apt  to  occafion  heat,  others  might,  on 
the  contrary,  be  more  fit  for  vifion  by  potTeffing  a  fuperior  illuminating  power;  and  at  all 
events,  it  would  be  proper  to  recur  to  experiments  for  a  decifion. 

In  the  firft  feries  of  experiments  on  the  heating  power  of  the  coloured  rajs  of  the  fun,  a  piece 
of  pafteboard  was  mounted  in  a  frame,  fo  that  it*  obliquity  could  be  varied  with  refpe&  to 
the  horizon,  nearly  in  the  fame  manner  as  in  the  common  table  looking  glafs.  Through 
this  pafteboard  was  cut  a  notch,  or  flit,  of  width  a  little  larger  than  the  ball  of  a  thermo- 

•  Abridged  from  two  papers  in  the  Pbilofophical  Tranfaclions  for  1S00,  pages  155— 19*.  The  title* 
of  both  are  united  in  die  above,  with  no  other  variation  than  the  in&rtion  -of  the  conjunction  and  before 
the  word  M£#r£iBt*//,  which  begins  the  fccond  title ;  and  the  ncccJTaiy  change  of  the  word  is  for  are. — N. 
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meter,  and  of  fufficicnt  length  to  permit  the  whole  of  one  of  the  prifmatic  colours  to  pafs 

through;  fo  that  in  the  a&ual  exhibition,  this  flit  was  placed  parallel  to  the  axis  of  a  prifm 
through  which  the  folar  rays  paflcs,  and  the  furface  of  the  pafteboard  was  adjufted  at  right 
angles  to  the  ray  itfelf.  Three  delicate  thermometers  with  their  balls  blacked,  and  fuffi- 
ciently  detached  from  their  refpe&ive  fcales,  were  placed  on  the  platform  of  the  frame,  at 
fucha  diftance  beneath  the  opening  in  the  pafteboard,  that  any  one,  or  all  of  them,  might  at 
pleafure  be  expofed  to  the  coloured  rays,  or  (haded  from  the  light  by  the  interpofition  of  the 
unperforated  furface.  When  one  of  thefe  was  expofed  to  the  rays,  its  mercury  rofe,  while 
that  in  the  other  two  remaining  ftationary,  proved,  that  the  acceflion  of  heat  was  pro- 
duced by  the  mere  a&ion  of  the  folar  light.  Eight  fets  of  experiments  were  tabulated, 
from  which  it  is  feen,  that  the  mean  rife  in  one  of  the  thermometers  in  red  rays,  during 
ten  minutes  was  6  J-  degrees ;  and  in  the  green  rays  3^  degrees ;  and  in  the  violet  rays  two 
degrees.  With  a  fmaller  thermometer  the  fame  effect  followed,  but  the  alteration  was  lefs, 
probably  from  the  cooling  agency  of  the  afcending  dream  of  air,  which  would  a£fc  mote 
ftrongly  where  the  proportion  of  furface  to  bulk  was  greater.  The  mean  refults  from 
both  thermometers  were,  that  the  degrees  of  elevation  in  the  red,  green,  and  violet  rays, 
proved  nearly  as  the  numbers  3 ',  i?,  and  1  refpe&ively. 

The  fecond  courfe  of  experiments  defcribed  in  this  paper,  was  made  on  the  illuminating 
power  of  coloured  rays ;  in  which  the  author  had  two  ends  in  view,  the  fir  ft  with  regard  to 
the  illumination  itfelf,  and  the  fecond  with  refpe£t  to  the  aptnefs  of  the  rays  for  giving 
diftin&  vifion :  properties  which,  though  there  did  not  feem  to  be  any  feafon  why  they 
ihould  not  have  the  fame  meafure,  appeared  neverthelefs  to  drferve  to  be  feparately  at- 
tended to. 

The  microfcope  offered  itfelf  as  the  moft  convenient  inftrument  for  this  inveftigation  ; 
and  this  was  ufed  as  upon  opake  objects,  in  order  to  avoid  any  erTeft  that  might  be  ex- 
pected to  arife  from  tranfmiflion  through  the  parts  of  coloured  tranfparent  bodies. 

The  regifter  of  a  number  of  experiments,  in  which  different  objects  were  viewed  in  the 
coloured  rays  by  a  magnifying  power  of  42  times,  is  given;  among  'thefe  a  nail  is  men- 
tioned  as  peculiarly  fuited  for  refearches  of  the  prefent  kind.  It  was  chofen  on  account  of 
its  folidity  and  blacknefs,  as  being  moft  likely  to  give  an  impartial  refult  of  the  modifica- 
tions arifing  from  an  illumination  by  differently  coloured  rays ;  but  on  viewing  it,  Dr.  H. 
was  (truck  with  the  fight  of  a  bright  conftellation  of  thoufands  of  luminous  points,  feat- 
tered  over  its  whole  extent,  as  far  as  the  field  of  the  microfcope  could  take  it  in.  Their 
light  was  that  of  the  illuminating  colour,  but  differed  confiderably  in  brightnefs :  fome  of 
the  points  being  dim  and  faint,  while  others  were  luminous  and  brilliant.  The  brighteft 
of  them  alfo  admitted  of  a  little  variation  in  their  colour,  or  rather  in  the  intenfity  of  the 
'fame  colour ;  for  in  the  center  of  fome  of  the  moft  brilliant  of  thefe  lucid  appearances, 
their  light  had  more  vivacity,  and  feemed  to  deviate  from  the  illuminating  tint  towards 
whitenefs,  while  on  and  near  the  circumference  it  feemed  to  take  a  deeper  hue. 
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The  obfervations  which  agreed  uncommonly  -well  together,  afforded  die  conclusion  drat 
the  red  making  rays  were  far  from  pofleffing  an  eminent  degree  of  illumination  :  that  the 
Orange  poffefs  more  of  it  than  the  red ;  the  yellow  (till  more;  the  maximum  of  illumination 
lies  in  the  brighteft  yellow,  or  the  paleft  green  ;  the  green  itfelf  is  nearly  as  bright  as  the 
yellow;  but  from  the  full  deep  green  die  illuminating  power  decreafes  very  fcnfibly.  That 
of  the  blue  is  nearly  upon  a  par  with  the  red ;  the  indigo  much  lefe  than  the  blue ;  and 
die  violet  is  very  deficient.  With  regard  to  the  principle  of  diftin&nels,  none  of  the  co- 
lours appeared  to  be  deficient ;  that  is  to  fry,  that  though  for  want  of  illumination  in  the 
lefs  powerful  colours  in  this  refpcA,  fewer  bright  fpots  could  be  decerned,  yet  thofe  which 
were  vifible  were  perfc&ly  diftinft. 

Before  the  Dr.  proceeds  to  the  next  part  of  his  fubjeffc,  he  digrefles  for  a  moment  to 
•remark,  that  the  foregoing  reiearclies  ought  to  lead  us  on  to  others.  "  May  not"  fays  he, 
M  the  chemical  properties  of  the  prifmatic  colours  be  as  different  as  thofe  which  relate  to 
light  and  heat  ?  Adequate  methods  for  an  inveftigation  of  them  may  eafily  be  found;  and 
we  cannot  too  minutely  entex  into  an  aaalyfis  of  light,  which  is  the  mod  fubtle  of  all  the 
a&ive  principles  that  are  concerned  in  the  mechanifm  of  the  operations-  of  nature*  A 
better  acquaintance  wi(h  it  may  enable  us  to  account  for  various  fa£h  that  fall  under  our 
obfervation,  but  which  have  hitherto  remained  unexplained..  If  the  power  of  heating,  as 
we  now  fee,  be  chiefly  lodged  in  the  red-making  rays,  it  accounts  for  the  comfortable 
warmth  that  is  thrown  out  from  a  fire,  when  it  is  in  the  ftate  of  a  red  glow  5  and  for  the 
heat  which  is  gifren  out  by  charcoal,  coke,  and  balls  of  (mail  coal  mixed  up"  with  clay  ufed 
in  hot  houfes ;  all  which  it  is  well  known  throw  out  red  light.  It  alfo  explains  why  the. 
yellow,  green,  blue,  and  purple  flames  of  burning  fpirits  mixed  with  fait,  occafion  fo  little 
heat,  that  a  hand  is  not  materially  injured,  when  paflcd  through  their  corufcations.  If  the 
chemical  principles  of  colours  alfo  when  ascertained,  fhould  be  fuch,  that  an  acid  princi- 
ple, for  inftance,  which  has  been  afcribod  to  light  in  general,  on  account  of  its  changing 
die  complexion  of  virions  fubftances  expofed  to  it,  may  refide  only  in  one  of  the  colours, 
while  others  may  prove  to  be  differently  inverted,  it  will  follow,  that  bodies  may  be  vari- 
oufly  affe&ed  by  light,  according  as  they  imbibe  and  retain,  or  tranfmit  and  refie&,  the 
different  colours  of  which  it  is  compofcd." 

That  radiant  beat  is  of  different  refrangibHkyy  is  alfo  deducible  from  thefe  experiments, 
whether  it  be  one  and  the  fame  thing,  or  different  from  light ;  becaufe,  as  the  author  ob- 
serves, if  this  were  not  the  cafe,  the  whole  of  the  heat  would  be  confined  in  a  fpace  equal 
in  breadth  to  the  prifm  hfelf  j  the  contrary  to  whitih  Is  proved  by  the  fa£ts.  He  alfo  dates, 
as  is  more  fully  developed  in  the  fubfequent  paper,  that  as  the  maximum  of  light  is  found 
at  a  much  higher  degree  of  refrangibility  than  that  of  heat  in  the  vifible  fpe&rum,  the  ab- 
solute maximum  lies  even  flibrt  of  the,  limits  of  vifible  radiation  in  the  fpe&rum..  And 
admitting,  as  is  highly  probable,  that  the  organs  of  fight  are  only  adapted  to  receive  im- 
preflions  from  particles  of  a  certain  momentum,  an  explanation  will  be  had,  why  the  maxi- 
mum of  illumination  fhould  be  in  the  middle  of  the  refrangible  rays,  as  thofe  Which  have 
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gpeatef  erlcfe  momenta  arc  likely  to  become  equally  unfit  for  the  imprefiSons  of  fight 
Whereas  in  radiant  heal  there  may  be  no  faeh  limitation  to  the  momentum  of  its  particles. 
From  the  powerful  effe&s  of  a  burning  lens,  however,  the  information  is  gathered,  that  the 
momentum  of  terreftrial  radiant  heat  is  not  likely  to  exceed  that  of  the  fun ;  and  that  con- 
fequently  the  refrangibility  of  calorific  rays  cannot  much  extend  beyond  that  of  calorific 
light.    Hence  alfoit  is  inferred*  that  the  invifible  heat  of  red  hot  iron  gradually  cooled 

■ 

till  it  ceafes  to  flune,  has  the  momentum  of  the  invifible  rays,  which  in  the  folar  fpe&rum, 
viewed  by  day  light,,  go  to  the  confines  of  red*  and  this  will  afford  an  eafy  (blution  of  the 
refie&ion  of  invifible  heat  by  concave  mirrors. 

The  refults  of  the  foregoing  inveftigation,  originally  fuggefted  by  the  phenomena  of 
vifion  by  telefcopes  directed  to  the  fun,  became  ufeful  in  their  turn-  to  dire£fc  the  pvocefies^ 
by  which  a  method  might  be  obtained  of  viewing  that  luminary  wiib  telescopes  of  large  aper- 
tures and  high  magnifying  powers*  The  focal  heat  in  the  large  telefcopes  ufed  by  the  Do&or* 
was  fufikient  fpeedily  to  break  the  darkening  flips  of  wedge-formed  glafles,  commonly  ufed 
with  achromatic  telefcopes*  It  was  a  Newtonian  refledor  of  nine  inches  aperture, 
which  he  wi&cd  to  adapt  for  folar  infpe&ion,  and  his  aim  was  to  emplby  the  whole  furface 
of  the  fpeculum.  Two  red  glades  intercepted  full  as  much  light  as  was  neceffary ;  but  the 
eye  could  not  bear  the  irritation  arifing  from  a,  fenfe  of  heat.  Green  glafles,  one  of  which 
was  faulted*  ftiil  gave  a  brighter  illumination  than  tho,red,  but  they  remedied  the  incoo* 
venience  of  the  heat.  Various  trials  for  intercepting  the  cedv  and  other  rays  from  a  prifm* 
with  differently  coloured  glafies,  were  raade£  of  which  the  particulars  are  given,  andalfo 
of  the  efie&s  of  a  coating  of  fmoke  and  of  pitch,  and  of  coloured  fluids^  the  latter  of  which 
when  denft  enough  to  ftop  much  light,  were  not  found  fufficiendy  pure  to  be  ufed. . 

vThefe  laft  trials,  however,  were  not.  fufficient  to  afcerfain  the  very  eflentia)  particular  of 
di&in&neft  afforded  by  thefe  feveral  media,  it  was  neceffary  to  try  the  fevered  glafles  and 
combinations  in  the  a&ual  inftrument,  previous  to  die  account  of  which  the  Do&or  de* 
(bribes  an  eafy  way  of  uniformly  fmoking  glafies,  which  I  fliall  proceed  to  copjt 

"  With  a  pair  of  warm  pliers  take  hoidv  of  the  glafs,  and  place  it  over  a  candle  at  a 
fufficient  diftance  not  to  contraA  fmoke.  When  it  is  heated,  but  no  more  than  dill  td 
permit  a  finger  to  touch  the  edges  of  it,  bring  down,  the  glafs  at  the  fide  of  the  flame  as  low 
as  the  wick  will  permit,  which  mult  not  be  touched.  Then,  with  a  quick  vibratory  mo- 
tion, agitate  it  in  the  flame  from  fide  to  fide ;  at  the  fame  time  advancing,  and  retiring  it 
gently  all  the  while.  By  this  method  you  may  proceed  to  lay  on  fmoke  to  any  required 
darknefs.  It  ought  to  be*  viewed  from  time  to  time,  not  only  to  fee  whether  it*  be  fuffi- 
ciently  dark,  but  whether  any  inequality  may  bo  perceived ;  fb»  if  that  fliould  happen,  it 
will  not  be  proper  to  go  on*  , 

<4  The  fmoke  of  fealiag  wax  is  bad  :  that  of  pitch  is  worfe.  A  wax  candle  gives  a  good 
finoke :  that  of  a  tallow  candle  is  better.  As  good  as  any  I  have  hitherto  met  with,  is  die 
finoke  of  Spermaceti  oil.  In  ufing  a  lamp  you  may  alfo  have  the  advantage  of  an-  even 
flame  extended  to  any  length." 
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The  telefcopic  experiments,  with  various  darkening  glafles  applied  in  the  eye  piece,  are 
numbered  and  defcribed.  Difficulties  prefented  themfelves,  from  the  heat  which  pafied  through 
fome  combinations,  and  the  want  of  light  and  diflin&nefs  in  others.  The  heat  which  was 
intercepted  when  the  glafles  were  placed  near  the  focus  of  the  pencils,  was  alfo  found  to 
break  them  by  its  partial  a&ion.  To  remedy  this,  one  of  the  glafles  was  fixed  near  the 
fmall  fpeculum,  in  order  that  the  light  might  be  fpread  over  a  larger  furface;  but  here  alfo 
the  heat  was  too  ftrong,  and  produced  the  fame  inconvenience.  The  Do£tor  therefore  at 
lad  placed  his  apparatus  clofe  behind  the  eye  glafles,  as  follows  in  his  beft  combination. 

i(  No.  25.  I  placed  a  very  dark  green  glafs  behind  the  fecond  eye  glafs,  that  it  might 
be  fheltered  by  both  glafles,  which  in  my  double  eye-piece  are  clofe  together,  and  of  an 
equal  focal  length.  Here,  as  the  rays  are  not  much  concentrated,  the  coloured  glafs  re- 
ceives them  on  a  large  furface,  and  flops  light  and  heat  in  the  proportion  of  the  fquare 
of  its  diameter  now  ufed,  to  that  on  which  the  rays  would  have  fallen,  had  it  been  placed 
in  the  focus  of  pencils.  And  for  the  fame  reafon,  I  now  alfo  placed  a  dark  green  fmoked 
glafs  clofe  upon  the  former,  with  the  fmoked  fide  towards  the  eye,  that  the  fmoke  might 
likewife  be  protefted  againft  heat  by  a  paflage  of  the  rays  through  two  furfaces  of  coloured 
glafs." 

<'  This  pofition  had  moreover  the  advantage  of  leaving  the  telefcope,  with  its  mirrors 
and  glafles,  completely  to  perform  its  operation,  before  the  application  of  the  darkening 
apparatus 5  and  thus  to  prevent  the  injury  which  mud  be  occafioned,  by  the  interpofition 
of  the  heterogeneous  colouring  matter  of  the  glafles  and  of  the  fmoke.'9 

u  No.  26.  I  placed  a  deep  blue  glafs,  with  a  blueifh  green  fmoked  one  upon  it,  as  in 
No.  25,  and  found  the  fun  of  a  whiter  colour  than  with  the  former  composition.  There 
was  no  difagreeable  fenfation  of  heat  *  a  little  warmth  might  be  felt." 

Thefe  two  are  the  combinations  through  which  the  Do&or  has  feen  uncommonly  well, 
and  in  a  long  feries  of  very  interefting  obfervations  upon  the  fun,  which  will  foon  be  com- 
municated, the  glafles  have  met  with  no  accident.  However,  when  the  fun  has  confide- 
rable  altitude,  he  finds  it  advifeable  to  lefTen  the  aperture  a  little  in  telefcopes,  which  have 
fo  much  light  as  his  ten  feet  refle£lor,  or  (which  will  give  more  diftin&nefs)  to  view  the 
fun  earlier  in  the  morning,  and  later  in  the  afternoon  ;  becaufe  the  light  intercepted  by  the 
atmofphere  in  lower  altitudes,  will  reduce  its  brilliancy  much  more  uniformly  than  it  can 
be  foftened,  by  laying  on  more  fmoke  on  the  darkening  glafles.  And  as  few  inftruments 
in  common  ufe  are  fo  large  as  that  to  which  this  method  of  darkening  has  been  adapted, 
he  exprefles  his  hope  that  it  may  be  of  general  ufe  in  folar  obfervations. 

In  the  fecond  paper  on  the  refrangtbility  of  the  invifibie  rays  of  the  sun$  the  author  firft 
defcribes  his  apparatus,  which  is  delineated  in  Plate  XIV.  where  A.  B.  reprefents  a  fmall 
(land  covered  with  white  paper,  upon  which  are  drawn  five  lines  parallel  to  each  other,  at 
half  an  inch  diflance  afunder,  but  fo  that  the  firft  is  only  a  quarter  of  an  inch  from  the 
edge.  Thefe  lines  are  interfered  by  three  others  at  right  angles,  the  fecond  and  third  of 
which  are  refpe&ively  at  2? -and  4  inches  from  the  firft)  i,  2,  3,  reprefent  the  thermo- 
meters 
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meters  ufed  in  the  former  experiments,  mounted  upon  their  fmall  inclined  planes,  and 
placed  fo  that  the  centres  of  the  fhadows  of  their  balls  fall  upon  the  interferon  of  thefe 
lines.  CD  is  the  prifm  at  the  window,  and  £  is  the  fpe£trum  thrown  upon  the  table,  fo 
as  to  bring  the  laft  quarter  of  an  inch  of  the  red  colour  upon  the  (land.  In  this  arrange- 
ment all  the  fpe£trum,  except  the  vaniOiing  laft  quarter  of  an  inch,  pafled  by  the  edge 
of  the  ftand,  and  falling  upon  the  table,  could  not  interfere  the  experiments*  The  room 
was  darkened. . 

* 

The  trials  of  heat  were  made  by  caufing  the  fpe&rum  to  fall  either  upon  or  oppofite  the 
outer  thermometer,  while  the  other  two  were  kept  as  ftandards.  out  of  the  plane  of  the 
refra£Hon ;  and  when  it  was  judged  neceflary,  in  repetitions,  the  thermometer,  which  had 
been  fubje&ed  to  the  heat,  was  changed  for  one  of  the  others.  In  three  experiments  with 
the  fame  thermometer,  the  heat  produced — by  rays  affording  no  illumination,  but  falling 
half  an  inch  beyond  the  extreme  confine  of  the  red  colour,  was  6|  degrees  in  10  minutes  ; 
—by  rays  falling  one  inch  beyond  that  confine,  it  was  5^  degrees  in  13  minutes; — and  by 
rays  falling  i\  inch  beyond  that  confine,  it  was  3}  degrees  in  10  minutes.  At  the  other 
extremity  of  the  fpe£trum  there  was  no  augmentation  of  heat  produced  beyond  the  confine 
of  violet  rays.     The  diftance  of  the  piifm  was  52  inches- 

Hence  it  followed  clearly  that  there  are  rays  coming  from  the  fun  which  are  lefs  re- 
frangible than  any  which  afieffc  the  fight ;  and  that  they  are  inverted  with  a  high  power 
of  heating,  but  with  none  of  illuminating  bodies,  which  explains  the  reafon  why  they  have 
'  hitherto  efcaped  unnoticed. 

As  the  heat  was  before  found  not  to  correfpond  with  the  meafure  of  illumination  in  the 
fpe&rum,  and  in  thefe  experiments  it  extended  beyond  that  limit,  it  became  an  obje£t  of 
intereft  and  importance  to  afcertain  the  place  where  the  calorific  power  is  greateft.  This 
maximum  of  beat  was  found  by  experiment  to  be  about  half  an  inch  dift ant  from  the  boundary  of 
the  red  colour,  and  the  heat  at  one  inch  was  fully  equal  to  that  of  the  middle  of  the  red 
colour  itfelf.  The  boundaries  of  what  may  be  called  the  calorific  fpe&rum  lie  between 
the  extreme  of  violet  to  an  undetermined  fpot  at  lead  1^  inch,  or  i£°  beyond  the  boundary 
of  the  red  colour. 

In  his  concluding  fummary,  befides  fome  remarks  and  recapitulation,  which  are  in- 
cluded in  the  preceding  account,  the  author  adds,  that  if  we  may  infer  the  quantity  of 
the  efficient  from  the  effett  produced,  the  invifible  rays  of  the  fun  probably  far  exceed  the 
vifible  ones  in  number  \  and  that  if  we  call  light  thofe  rays  which  illuminate  obje&s,  and 
radiant  beat  thofe  which  heat  bodies,  it  may  be  inquired,  whether  light  be  eflentially 
different  from  radiant  heat  ?  In  anfwer  to  which  he  fuggefts,  that  we  are  not  allowed,  by 
the  rules  of  philosophizing,  to  admit  two  different  caufes  to  explain  certain  effeds,  if 
they  may  be  accounted  for  by  one.  A  beam  of  radiant  heat,  emanating  from  the  fun, 
confifts  of  rays  that  are  differently  refrangible.  The  range  of  their  extent,  when  difperfed 
by  a  prifm,  begins  at  violet  coloured  light,  where  they  are  mod  rcfra&ed,  and  have  the 
leaft  efficacy.  Thefe  calorific  rays  have  been  traced  throughout  the  whole  extent  of  the 
3  grifmatic 
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prifinatic  fpe&rum ;  and  their  {rawer  was  found  to  be  incveafiag,  while  their  refrsmgiUIbjr 
was  lefiened  as  far  as  ta  the  confines  of  red-coloured  light.  But  their  dimtnUhiag 
Refrangibility  and  increafing  power  did  no*  ftop  here ;  for  they  have  been  purfued  a  cooh 
DderaWe  way  beyond  the  priftnatic  fpt&rutn%  into  an  invifible  Aate,'ftQl  exerting  theirs 
increafing  energy,  with  a  decreafe  of  refrangibility  up  to  the  maximum  of  thejc  power* 
and  hare  alfo  been  traced  to  that  ftate  where,  though  ftiH  fcfo  refraded,  their  energy,  pa 
account)  as  may  be  fuppofed,  of  their  now  failing  denfity,  decreafed  pretty  h&  ;  zfyew 
which  the  invifible  thtrmometrkal  fpe&rum  foon  vanifhed. 

If  this  be  a  true  account  of  folar  heat,  for  the  fupport  of  which  he  appeals,  to  his  ex- 
periments, he  concludes  that  we  muft  admit  that  fuck  of  the  rays  of  the  fun  as  have  the 
refrangibility  of  thofe  which  are  contained  in  the  prifmatic  fpe&rum,  by  the  conftru&fcft 
of  the  organs  of  fight,  are  admitted \radeir  the  appearance  of  light  and  colour;  and  that 
the  reft,  being  flopped  in  the  coats  and  humours  of  the  eye,  a£t  upon  them,  as  they  are 
Known  to  do  upon  all  the  other  parts:  of  our  body,  by  occafionmg  a  fenfation  of  heat* 


VII. 

Additional  Experiments  en  Galvanic  EMlricky.    By  Mr.  Davy,  Suptrirdcndant  of  tht 

-  Pneumatic  InfiUuiion. 

To  Mr.  NICHOLSON. 
SIR, 

,  JL  HE  earlier  experimenters  *  on  animal  ele&ricity  noticed  the  power  of  well  burned 
charcoal  to  conduit  the  common  galvanic  influence. 

I  have  found  that  this  fubftance  pofTefles  the  fame  properties  as  metallic  bodies  in  pro- 
ducing the  (hock  and  fpark  f  when  made  a  medium  of  contmunication  between  the  ends 
of  the  galvanic  pile  of  Signor  Vblta* 

I  have  likewife  found  that  perfe&ly  well  made  charcoal,  when  conne&ed  with  water  or 
aqueous  folutions  in  the  galvanic  circuit,  effcAs  changes  in  them  analogous  to  thofe  pro- 
duced by  metals ;  but  conne&ed  with  peculiar  appearances. 

i .  Two  long  and  thin  flips  of  dry  charcoal  were  conne&ed  with  filver  wires  attached  to 
the  ends  of  a  galvanic  pile  of  60  pieces.  The  points  of  the  charcoal  flips  were  immerJed 
in  a  gtafs  of  water,  at  the  diftance  of  half  an  inch  from  each  other ;  and  the  globules  of 
air  adhering  to  them  being  carefully  removed,  the  communication  made  fore. 
.  In  about  a  minute,  particles  of  gas  began  to  form  and  evolve  thcmfelves  round  the  point 
of  the  charcoal  conne&ed  with  the  filver  fide  of  the  apparatus.    Near  a  quarter  of  an  hour 

#  The  inventor  of  the  galvanjc,j>ile  diibovered  the  conducting  power  of  charcoal.    His  experiments  were 
confirmed  by  Creve  and  Schmuck.    See  Pfaff  on  Animal  Ele&ricity,  page  4*. 
f  The  fpark  is  mofi  vivid  when  the  charcoal  is  hot. 

clapfed, 
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dapfcd,  before  any  gas  was  produced  from  the  zinc  fide.;  die  gas  that  was  produced  ad- 
hered to  the  charcoal  in  large  globules,  and  did  not  pais  through  the  water.  As  long  as 
the  communication  was  kept  up,  the  filver  charcoal  gave  out  gas  very  rapidly.  ' 

2.  Reafbning  from  the  common  phenomena  of  the  a&ion  of  red-hot  charcoal  on  water, 
and  on  the  analogous  galvanic  fa£ts,  it  was*reafonable  to  conclude  that  the  gas  evolved 
from  the  charcoal  on  the  filver  fide  of  the  apparatus  was  hydrocarbonate ;  and  that  car- 
bonic acid  had  been  produced  on  the  zinc  fide,  which  had  been  chiefly  abforbed  by 
the  water.  v 

To  afcertain  if  this  conclufion  was  true,  two  fmall  open  tubes,  about  one-fourth  of  an 
inch  in  diameter,  and  three  inches  long,  were  provided.  Into  one  end  of  each  of  them  a.  thin 
piece  of  hard  and  polifhed  charcoal  was  introduced,  and  fattened  by  cement.  They  were 
then  filled  with  diftilled  water,  and  inverted  in  a  glafs  containing  that  fluid ;  the  tops  of 
thepieccs  of>  charcoal  being  made  to  communicate  with  the  ends  of  a  pile. 

Thej>roccfs  was  carried  on  for  more  than  fourteen  hours;  at  the  end  ,of  which  time 
the  quantity  of  gas  produced  from  the  charcoal  on  the  filver  fide  was  at  leaft  fifty  times 
greater  than  that  produced  on  the  zinc  fide.  The  tube  from  the  zinc  fide,  with  its  water 
and  gas,  was  introduced  into  a  veflTei  of  lime  water.  On  agitation  the  water  became 
clouded,  but  the  gas  was  not  perceptibly  diminiihed:  mingled  with  twice  its  bulk  of 
nitrous  gas,  it  gave  fueh  an  abforption,  as  denoted  that  it  contained  nearly  the  fame  quan- 
tity of  oxygen  as  common  air. 

The  gas  produced  from  the  filver  fide  of  the  pile  did  not  at  all  diminifh  with  nitrous 
gas ;  twelve  meafures  of  it,  mingled  with  eight  meafures  of  oxygen,  in  a  detonating  tube, 
and  a&ed  on  by  the  eledric  fpark,  inflamed  and  left  a  refiduum  equal  to  rather  more  than 
three  meafures.  Lime  water  introduced  to  thefe  became  a  little  clouded,  and  a  flight 
abforption  took  place.  After  this  abforption,  at  leaft  two  meafures  and  a  quarter  of  gas 
remained,  which,  oringled  with  nitrous  gas,  £ave  red  fumes  and  diminution.  Hence 
they  evidently  contained  oxygen.    .      . 

3.  Surprifed  at  thefe  refults,  from  which  it  appeared  that  the  gas  from  the  filver  fide 
of  the  apparatus  held  very  little  charcoal  in  folution,  and  required  nearly  the  fame  quantity 
of  oxygen  tovdeftroy  it  as  the  inflammable  air  from  the  petals,  I  repeated  the  experiment, 
making  ufe  of  water  that  had  been  long  boiled,  and  was  yet  warm.  In  this  cafe  no  gas 
was  given  out  from  the  zinc  fide  during  the  whole  of  the  procefs,  and  more  than  half  an 
hour  elapfed  before' any  was  produced  from  the  filver  fide.  •  What  wa^produced,  however, 
gave  nearly  the  fame  diminution,  when  fired  with  oxygen,  as  common  inflammable  air, 
and  the  refiduum  produced  but  a  flight  precipitate  admitted  to  lime  water. 

It  was  Cafy  to  account  for  the  deficiency  of  gas  on  the  zinc  fide  in  this  procefs,  by  fup- 
pofing  that  the  gas  produced  in  the  former  experiment  was  air  previoufly  diflblved  by  the 
diflilled  water,  and  liberated  in  confequence  of  the  ftronger  attraction  of  carbonic  acid 
for  that  fluid ;  but!  as  I  had  before  found  that  in  the  common  galvanic  procefs  with  the 
metals,  the  hydrogen  was  immediately  evolved,  even  in  boiled  water,  it  was  difficult  to 

conceive 
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conceive  why  fuch  a  length  of  time  was  required  for  the  production  of  the  inflammable  gas. 
When  I  introduced  charcoal  connected  with  the  zinc  fide,  and  filver  wire  connected  with 
the  (ilver  fide,  into  boiled  water,  gas  was  almoft  immediately  given  out  from  the  wire ; 
though  when  I  connected  filver  with  the  zinc  fide,  and  charcoal  with  the  (ilver  fide,  no 
gas  was  liberated  for  many  mimites. 

4.  A  flip  of  charcoal  was  connected  with  the  zinc  end,  and  a  filver  wire  with  the 
filver  end,  and  both  plunged  into  a  veflel  of  lime  water.  Gas  was  immediately  given  but 
from  the  filver  wire ;  a  few  globules  only  formed  round  the  charcoal :.  they  were  ap- 
parently covered  with  a  white  cm  ft.  As  the  procefs  advanced,  white  clouds  fell  from  the 
charcoal,  and  diffufed  themfelvts  through  the  fluid. 

5.  Two  pieces  of  charcoal  were  conne&ed  with  the  ends  of  the  pile,  and  plunged  into 
a  ftrong  folution  of  cauftic  pot-afh.  During  two  hours  no  gas  was  given  out  from  either 
of  the  pieces,  and  no  change  of  colour  was  perceived  in  the  fluid,  though  the  com- 
munication was  perfect.  When  a  filver  wire  was  connected  with  the  zinc,  and  charcoal 
with  the  filver,  gas  was  produced  from  the  wire,  but  none  from  the  charcoal.  When  charcoal 
was  connected  with  the  zinc,  and  filver  wire  with  the  filver,  gas  was  very  rapidly  pro- 
duced round  the  point  of  the  wire;  but  not  an  atom  formed  round  the  charcoal. 

6.  When  the  flips  of  charcoal  connected  with  the  pile  were  introduced  into  folution  of 
ammoniac,  gas  was  given  out  from  the  zinc  charcoal ;  but  none  from  the  filver  charcoal. 
When  filver  wire  was  connected  with  the  filver  fide,  the  charcoal  being  dill  connected 
with  the  zinc  fide,  gas  was  given  out  from  both,  but  mod  rapidly  from  the  wire.  Thefe 
gafes  were  caught  and  examined.  That  from  the  charcoal  gave  no  diminution  with 
nitrous  gas.  An  accident  prevented  me  from  examining  it  by  other  tefts ;  the  gas  fron\ 
the  filver  equalled  twenty  times  the  volume  of  the  other  gas,  and  appeared  to  be  pure 
hydrogen. 

I  (hall,  at  prefent,  offer  no  theoretical  conjectures  concerning  thefe  experiments.  The 
two  laft  will  probably  lead  to  interefting  conclufions.  I  am,  at  this  moment,  engaged 
in  examining  fmall  quantities  of  folution  of  pot-afh  and  ammoniac  which  have  been 
long  galvanifed  in  contact  with  charcoal:  the  refult  of  this  examination,  if  at  all  im- 
portant, I  (hall  take  the  liberty  of  communicating  to  you  at  fome  future  time. 

I  remain, 

SIR,  1 

Very  refpectfully, 

Your's,  &c. 

HUMPHRY  DAVY. 
Dowry  Square,  Htfwells,  Sept,  22,  1800. 
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BOARD  OP  LONGITUDE  OF  FRANCE. 

Prize  of  Jftronotnj. 


HE  tables  of  the  moon  are  equally  interefting  to  aftronomy  and  navigation.  The 
moft  celebrated  geometers  have  afliduoufly  cultiTated  the  theory  on  which  thefe  tables  are 
founded.  The  moft  important  care  of  the  practical  aftronomer  is  to  obferve  all  the 
motions  of  this  planet,  without  -which  there  would  be  no  truth  in  geography,  and  which 
furnifhes  the  navigator  with  the'  fureft  means  of  knowing  the  fltuation  of  his  veflel,  of 
directing  his  courfe«  and  fafely  arriving  at  any  determined  fpot  of  the  globe.  In  propor- 
tion as  the  Newtonian  theory  has  been  inveftigated,  and  the  greater  the  perfection  to 
which  inftruments  and  the  method  of  obferving  have  been  brought,  in  the  fame  proportion 
have  the  lunar  tables  been  improved.  Mayer*  joining  his  own  refearches  to  thofe  of  the 
geometers  of  his  time,  and  making  choice  of  thofe  obfervations  which  were  the  moft  to 
be  depended  upon,  fucceeded  in  forming  tables  which,  by  fubfequent  comparison  with 
nearly  twelve  hundred  unpublHhed  obfervations,  agreed  with  the  moft  aftonifluag  pre- 
ciGon.  Mafon,  under  the  direction  of  Dr.  Mafkelyne,  rendered  them,  (till  more  perfect, 
'  by  reftoring  feveral  equations  which  had  been  omitted,  though  pointed  out  by  Mayer, 
and  by  modifying  the  coefficients  of  all  the  others. 

In  fpite  of  all  this  care,  thefe  tables,  which  in  the  middle  of  the  century  were  fo  accu- 
rate, began  progrefiively  to  lofe  their  exa&nefs.  On  recurring  to  the  theory,  the  caufe  of 
the  error  and  its  remedy  were  feen.N  The  prize  memoirs,  which  two  years  ago  were  fent  to 
the  National  Inftitute,  and  were  publiihed  m  the  feffion  of  the  fifteenth  of  Germinal  laft, 
have  placed' in  the  cleared  point  of  view  both  the  neceflity  and  precife  quantity  of  the 
equations  lately  difcovered  for  the  motions  of  the  apogee  and  the  node.  Aftronomers  were 
not  then  invited  to  employ  themfelves  on  all  the  elements  which  compofe  the  lunar  tables) 
the  labour  was  too  much  difproportioned  to  the  time  appointed  for  the  concurrence. 
One  fuccefsful  difcovery  often  gives  the  wifh  and  frequently  the  means  of  making  another. 
That  which  has  been  fo  happily  performed,  ^has  proved  the  poffibilicy  of  doing  ftil} 
mote,  and  of  procuring  for  aftronomy  lunar  tables  of  greater  precifion  as  well  as  durability* 
Nothing  more  remains  after  the  fixation  of  the  epochs,  the  fecular  movements,  and  their 
inequalities,  than  to  difcufs  anew,  by  comparifon  with  a  great  number  of  accurate  ob- 
fervations, the  precife  quantity  of  the  different  equations  which  enter  into  the  calculation 
of  the  moon's  place. 

This  is  the  problem  which  the  Board  of  Longitude  of  France  now  propofes  for 
folution  to  the  aftronomers  of  all  countries.    The  conditions  are : 
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1.  To  difcufs,  by  comparifon  with  a  great  number  of  good  obfervations,  the  value 
of  the  coefficients  of  the  lunar  inequalities,  and  to  give  for  the  longitude,  latitude,  and 
parallax  of  that  luminary,  formulas  ftill  more  accurate  and  complete  than  thofe  which 
have  been  ufed  as  the  bafis  of  the  tables  at  prefent  in  ufe. 

2.  To  conftru&,  according  to  thefe  formulae,  tables  of  fufEcient  extent  for  the  con- 
venience and  certainty  of  computation. 

The  prize  is  fix  thoufand  franks  (250L) 

The  Board  of  Longitude  appoints  no  term  for  the  decifion,  but  will  award  the  prize  to 
the  firft  piece  which  (hall  fulfil  the  conditions  of  the  program.  It  declares  likewife  to 
aftronomers  and  geometers  that  it  will  not  ceafe  to  folicit  the  encouragement  of  the  French 
government  in  favor  of  the  perfe£tion  and  theory  of  the  tables  of  the  moon. 

The  pieces  muft  be  fent  au  Bureau  des  Longitude,  Palais  National  des  Sciences  et  Arts, 
\  Paris. 

They  muft  not  bear  the  name  of  the  author,  but  merely  a  fentence  or  device.  If  the 
author  thinks  fit  he  may  fend  alfo  a  fcaled  billet,  containing  not  only  the  device,  but  the 
name  and  addrefs  of  the  author,  which  billet  will  not  be  opened  unlefs  the  piece  itfelf 
(hall  have  gained  the  prize. 

The  prize  will  be  given  without  any  formality  to  the  bearer  of  the  receipt  which  the 
recretary  (hall  have  given. 

(Signed) 

DELAMBRE,  Prefidcnt. 
LALANDE,  Secretary. 


Tranflation  of  a  M  S.  Note  of  Gt.  G.  Cuvier,  relative  to  Fojpl  SubjcBs  of  Natural  Htftory, 

I  am  engaged  on  a  large  work  upon  the  bones  of  quadrupeds  found  within  the  earth. 
I  have  already  collected  a  large  quantity  of  thefe  bdnes  as  well  from  France  as  from 
foreign  countries,  and  I  have  proved  that  feveral  of  diem  belong  to  fpecies  at  prefent 
unknown  to  natural ifts.  - 

*  This  is  certainly  the  fad,  not  only  with  refpe&  to  thofe  foflils  which  were  before 
known,  fuch  as  the  crocodiles  or  cetaceous  animals  of  Maeftrichr,  the  elephants  and 
rhinocerofes  of  Siberia  and  Germany,  the  bears  of  Anfpacb,  the  elks  of  Ireland $  but  alfo 
with  refpeft  to  others  which  were  firft  difcovefed  by  me,  fuch  as  the  tapirs  of  the  ufual 
fize,  and  the  tapirs  of  gigantic  magnitude  of  France ;  the  animals  intermediate  between 
the  tapir  and  the  rhinoceros,  three  fpecies  of  which  are  found  buried  in  the  gypfum  in  the 
environs  of  Paris,  whofe  figures  accompany  this  note  *,  t0  convey  an  idea  of  them  to  thofe 
perfons  who*  may  intereft  themfelves  in  my  refearches. 

•  The  engravings,  which  are  five  in  number,  and  will  undoubtedly  compofe  part  of  the  work  of  the 
learned  author,  could  not,  for  many  reafons,  be  given  with  this  translation.— N. 
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Several  learned  men  in  Germany,  Holland,  and  Italy,  who  approve  the  objeft'  of  my 
labours,  have  fupplied  me  with  valuable  information,  accompanied  with  drawings  relating 
to  the  foffil  bodies  which  are  found  in  their  refpeftive  countries,  or  which  are  depoGted  in 
their  cabinets.  On  account  of  the  war,  I  have  not,  till  now,  had  an  opportunity  of 
foliciting  the  like  affiftance  from  the  philofopbers  of  England  j  but  I  hope  I  (hall  ex- 
perience the  fame  liberal  affiftance  from  them. 

Under  this  fuppofition,  I  would  requeft  an  account  of  fuch  foffil  bones  of  quadrupeds, 
as  may  be  contained  in  the  Britifh  Mufeum,  or  in  other  collections  in  London ;  whether 
derived  from  Great  Britain,  or  from  other  parts.  I  am  particularly  deGrous  of  thofe 
which  were  buried  in  the  mountain  of  Gibraltar,  of  which  there  mult  be  numerous 
fpecimens  in  London.  I  am  ready  to  make  my  acknowledgements  in  return  to  thofe 
who  may  thus  favour  me  by  informing  them  of  every  thing  which  can  be  intereftihg  to 
them  in  this  country  on  the  fubjefts  of  natural  hiftory  and  comparative  anatomy. 

I  (hall  be  ftill  more  obliged  if  they  will,  at  the  fame  time,  fend  me  drawings  of  thefe 
foffils  executed  in  a  manner  nearly  fimilar  to  thofe  which  I  now  fend  as  fpecimens 
of  engraving,  and  I  engage  to  defray  every  expence  which  may  be  occaGoned  by  fuch 
drawings. 

It  is  needlefs  to  obferve  that  I  (hall,  in  my  intended  work,  publicly  acknowledge 
my  obligations  to  thofe  who  may  have  enriched  it  by  their  contributions. 

G.  CUVIER, 
Au  Jardin  ies  Plants  Member  of  the  National  Inftitute, 

h  Paris.  15  Therm.  and  Secretary  to  the  Clafs  of 

An.  8.  (3  Aoufl  1800.)  Natural  Philofophy. 


Hydraulic  Engine  operating  by  Mercury. 

The  refpe&able  correfpondent  who  has  forwarded  a  defcription  and  (ketch  of  an  engine 
for  raiGng  water  by  mercury,  has  rightly  conjectured  that  the  expedient  was  ufed  before. 
Mr.  Jofhua  Haflrins,  at  the  beginning  of  the  century,  made  an  engine  of  this  kind, 
which  was  improved  by  Dr.  Defaguliers,  and  is  defcribed  very  much  at  large  in  the 
fecond  volume  of  his  Courfe  of  Experimental  Philofophy.  The  mercury  is  merely  a  fub- 
ftitute  for  leathering,  and  has  lefs  fri&ion :  but  it  has  many  disadvantages,  which  are 
evident  from  that  defcription,  particularly  that  it  cannot  with  convenience  be  ufed  when 
the  column  or  re-a£tiag  force  is  great;  and  it  may  alfo  be  expected  that  the  mercury 
would  foon  be  converted  into  a  black  duft  or  oxide,  and  carrried  off  in  the  water.  I  fup- 
pofe  this  to  have  been  the  caufe  of  its  being  abandoned. 

U  u  a  Philofofhital 
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Philofophical  Yranfa&ions  of  the  Royal  Society  of  London  fir  the  Tear  1 8oo»    Pari  the  Ftrjf* 
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This  part  contains:— 1.  The  Croonian  Le&ure.  On  the  Strudure  and  Ufcs  of  the 
Membrana  of  the  Tympani  of  the  Ear.  By  Everard  Home,  Efq.  F.  R.  S.  2.  On  the 
Method  of  determining  from  the  real  Probabilities  of  Life,  the  Values  of  contingent  Re- 
verfions,  in  which  three  Lives  are  involved  in  the  Survivorship.  By  William  Morgan, 
Efq.  F.  R.S.  3.  Abftraft  of  a  Regifter  of  the  Barometer,  Thermometer,  and  Rain, 
at  Lyndon,  in  Rutland,  for  the  Year  1798.  By  Thomas  Barker,  Efq.  4.  On  the  Power 
of  penetrating  into  Space  by  Telefcopes;  with  a  comparative  Determination  of  the 
Extent  of  that  Power  in  natural  Vifion,  and  in  Telefcopes  of  various  Sizes  and  Conftruc- 
tions ;  illuftrated  by  fele&  Obfervations.  By  William  Herfchel,  LL.  D.  F.  R.  S.  5.  A 
fecond  Appendix  to  the  improved  Solution  of  a  Problem  in  PhyGcal  Aftronomy,  inferted 
in  thd  Philofophical  Tranfa&ions  for  the  Year  1798,  containing  fome  further  Remarks 
and  improved  Formulae  for  computing  the  Coefficients  A  and  B ;  by  which  the  Arith- 
metical Work  is  confiderably  (hortened  and  facilitated.  By  the  Rev.  John  Hellins,  B.  D. 
P.  R.  S.  and  Vicar  of  Potter's  Perry,  in  Northamptonfhire.  6.  Account  of  a  Peculiarity 
in  the  Diftribution  of  the  Arteries  fent  to  the  Limbs  of  (low-moving  Animals;  together 
with  fome  other  fimilar  Fa£fcs.  By  Mr.  Anthony  Carlifle,  Surgeon.  7.  Outlines  of 
Experiments  and  Inquiries  refpe&ing  Sound  and  Light.  By  Thomas  Young,  M.D. 
F. R.S.  8.  Obfervations  on  the  EfFefts  which  take  Place  from  the  Deftru£tion  of 
the  Membrana  Tympani  of  the  Ear.  By  Mr.  Aftley  Cooper.  In  a  letter  to  Everard 
Home,  Efq.  by  whom  fom^..  Remarks  are  added.  9.  Experiments  and  Obfervations 
on  the  Light  which  is  fpontaneoufly  emitted,  with  fome  Degree  of  permanency,  from 
various  Bodies.  By  Nathaniel  Hulme,  M.  D.  F.  R.  S.  and  A.S.  10.  Account  of  a 
iSeries  of  Experiments,  undertaken  with  the  View  of  decompofing  the  Muriatic  Acid. 
By  Mr.  William  Henry.  (Philof.  Journal,  IV.  209.)  11.  On  a  new  fulminating  Mercury* 
By  Edward  Howard,  Efq.  F.  R.  S.  Ibid,  IV.  Appendix.  Meteorological  Journal  kept  at 
the  Apartments  of  the  Royal  Society  by  order  of  the  PreCdent  and  Council. 


Royal  Society  of  Copenhagen* 

The  Royal  Society  of  Copenhagen  not  having  received  anfwers  to  its  queftions  on  hif- 
tory,  mathematics,  and  natural  philofophy,  which  were  propofed  laft  year,  repeat  the 
fame  queftions  for  the  prefent  year* 

I.  Hi/lory. — What  people  difcovered  America,  and  travelled  into  that  part  of  the  world 
before  the  Norwegians  i  How  far  did  the  difcoverics  of  the  Norwegians  extend  in  America, 

particularly 
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particularly  towards  the  weft  ?  Proofs  and  conjeftures  derived  from  authors,  or  from  ex- 
ifting  monuments,  fuch  as  buttings*  language,  or  the  traditions  of  the  Americans  mud 
be  quoted. 

a.  Mathematics.  To  difcover  the  fun&ion  of  all  the  quantities  which>  jointly,  deter* 
mine  the  magnitude  of  the  effe&  of  die  caloric  afforded  by  every  kind  of  combuftible  made 
ufe  of  in  manufa&ories,  whether  wood,  pitcoal,  or  charcoal.    When  the  equation  it 

found,  it  rnuft  be  determined  in  the  four  following  cafes :   i°.  When  wood,  pitcoal,  or 

» 

charcoal  are  burnt  in  a  ftove  or  veffel  to  heat  the  confined  air;  for  example  of  a  room* 
a0*  When  thefe  materials  are  ufed  to  boil  all  forts  of  liquids  over  a  fire  place.  30.  When 
they  are  ufed  to  harden  foft  fubftances,  as,  for  inftance,  to  make  bricks.  40.  and  laftly> 
when  employed  in  melting  metals. 

,  Supported  by  experiments,  the  authors  mult  difcover  and  eftablifh  the  different  equations 
analytically ;  in  order  that  by  their  application,  the  effe&  and  ceconomy  of  each  of  thefe 
three  kinds  of  combuftibles,  wood,  coal,  and  charcoal,  may  be  calculated. 

3.  Natural  philofophy.  To  find  by  experiments  the  greateft  degree  of  heat  which 
aqueous  vapours,  when  heated,  can  communicate  to  other  bodies  f  Can  that  part  of  the 
water  which,  in  the  digefter  of  Papin,  is  not  reduced  to  vapour  by  the  heat,  acquire  more 
than  212  degrees  of  Fahrenheit's  thermometer  ? 

4.  The  Society  having  had  the  fatisfa&ion  to  crown  an  anfwer  to  its  philofophical 
queftion  for  the  preceding  year,  propofes  the  following  queftion  for  the  prize  of  the  pre- 
sent year. 

What  new  di(coveries  have  been  made  in  philofophy  (race  the  time  of  Plato  and 
Ariftotle,  in  its  refearches  into,  and  its  explanation  of,  the  nature  of  human  knowledge 
with  refpeft  to  cxifting  beings  ? 

The  prefent  queftion  here,  is  not  to  afcertain  what  progrefs  has  been  made  in  thofc 
fciences  which  treat  exiftances,  whether  corporeal  or  incorporeal;  but  it  relates  to 
our  internal  knowledge  (which  fome  philofophers  call  subjeftive)  to  know  what*  in  genera!,. 
is  the  nature  and  the  powef  of  this  knowledge,  its  origin  'and  caufe,  the  principles  and 
reafons  upon  which  this  manner  of  knowing  is  determined  and  eftablifhcd,  and  upon 
which  is  founded  that  truth  which  is  therein  found,  or  imagined  to  be  found.  It  is  ex- 
pected that  an  hiftorical  exposition  (hould  be  given,  of  what  has  been  produced  on  this 
fubjeft  by  the  meditations  of  philofophers  fince  the  time  of  Plato  and  Ariftotle  5  how 
much  we  are  indebted  to  them  for  new  difcoveries,  or  for  fa&s  better  eftablifhed  and  de- 
fined ;  or  on  the  contrary,  if  it  (hall  appear  that  philofophy  has  not  made  any  progrefs  in 
this  refpeft,  it  is  expected  that  this  fhould  be  demonftrated  from  the  hiftory  of  the  dogmas 
of  philofophers. 

The  arifwers  to  thefe  queftions  are  to  be  written  in  'Danifh,  in  French,  or  in  German* 
and  forwarded  with  the  ufual  formalities,  before  the  end  of  June  1801,  to  Prqfeflbr  P.  C. 
Abildgaard,  Secretary  to  the  Society. 

3,  Dtcompc/ttkn* 
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Decompofition  of  the  fixed  Alkalis. 

Van  Mont,  in  a  Letter  to  C.  de  la  Metherie,.  inferted  in  the  Journal  de  Phyfique, 
Vol.  VII.  p.  390,  acquaints  him,  that  Craaner,  an  apothecary  at  Amfterdam,  has  made 
an  experiment,  by  which  it  appears  that  the  alkalis  contain  carbon.  He  includes  pot-aih, 
or  foda,  moiftened  with  water  under  an  inverted  glafs  with  oxygen  gas.  The  gas  is  ab- 
forbed,  and  the  alkali  becomes  effervefccnt.  Moreover,  he  finds  that  an  alkali,  treated  a 
certain  number  of  times  (quelquefois)  with  this  gas,  becomes  exhaufted  of  carbon,  and 
can  no  longer  be  made  effervefcent. 

V.  M.  long  ago  publiflied,  that  pot-a(h  is  formed  during  the  combuftion  of  hydro- 
carbon, and  during  the  fermentation  of  grapes,  by  the  intervention  of  the  azote  of  the 
atmofphere.  He  adds,  that  when  thefe  operations  are  made  in  pure  oxygen,  neither  pot- 
ato, nor  the  acidulous  tartrite  of  that  alkali  are  obtained ;  but  the  wine  becomes  too  four 
to  be  drank.     He  conje&ures,  that  the  fixed  alkali  may  be  carbonated  azote. 

But  he  mentions  two  experiments  which  militate  againft  this  theory.  In  the  firft  he 
expofcd  cauftic  pot-afh,  and  the  red.  oxide  of  mercury  by  fire,  to  red  heat  in  a  retort,  and 
obtained  nothing  but  oxygen  gas,  nitric  acid  and  water.  In  the  fecond,  he  triturated  the 
oxymuriate  of  pot-afh  with  cryftals  of  cauftic  alkali,  and  poured  the  mixture  into  a  phial, 
^  which  he  kept  exa&ly  clofed  for  three  days.  At  the  end  of  this  period  he  poured  muriatic 
acid  upon  it,  but  had  no  eflervefcence. 

As  carbon  is  not  combuftible  in  the  air  but  at  a  red  heat,  our  author  remarks,  that  if 
this  principle  enter  into  the  compofition  of  alkalis,  it  mult  be  united  with  hydrogen,  unlefs 
azote  ferves  as  the  medium  of  its  union  with  oxygen. 

In  the  fame  Journal  for  Mcffidor  VIII.  I  find  a  note,  page  82,  in  which  it  is  afierted, 
that  Guyton  Morveau,  on  the  6th  floreal,  read  to  the  French  National  Inftitute  a  memoir 
on  the  conftituent  principles  of  the  fixed  alkalis.  He  made  his  experiments  jointly  with 
Deformes  pupil  of  the  polytechnic  fchool,  and  their  conclufions  are, 

1,  That  pot-afh  is  compofed  of  lime  and  hydrogen. 

2."  That  foda  is  compofed  of  magnefia  and  hydrogen. 

3.  That  lime  is  compofed  of  carbon,  azote,  and  hydrogen. 

4.  That  magnefia  is  compofed  of  lime  and  azote,  and  confequently  of  carbon,  hydrogen,, 
and  azote. 


Separation  of  Butter* 
Brugnatelli  has  fcpar^ted  butter  from  cream  without  the  afCftance  of  oxygen.     He 
pours  four  parts  of  hot  water  to  one  of  cream,  and  pafies  the  mixture  through  a  (trainer  of 
coarfe  cloth  in  a  clofed  veffel,  in  which  feveral  drainers  of  the  fame  kind  are  ftretched.    In 
twenty-four  hours  the  whey  has  pafled  the  (trainers,  and  the  butter  is  perfeQJy  feparated. 

J.  dc  Phys.  VII.  391. 
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Beet  Sugar  and  ardent  Spirits* 

The  National  Inftitute  of  France  haying  named  a  commiflion  to  repeat  the  experiment 
of  Achard  on  Beet  Sugar,  Citizen  Deyeiix  has  lately  made  their  report,  the  refuh  of  which 
is,  that  the  beft  fugar  can  be  afforded  at  15  fous  per  livre,  or  yd.  per  lb.  avoirdupois.  The 
Inftitute  therefore  invites  the  Government  to  form  an  eftablifhment  on  a  large  fcale  for 
this  important  objeft  of  economy.  Mag.  Encycl.  An.  VIII.  torn.  ii.  p.  97. 

Brandy  and  arrack  are  made  at  Berlin  from  the  refufe  of  the  beet  root.  Both  are  highly 
praifed,  and  the  former  is  on  fale  in  the  market. 


Fourcroy's  Synoptic  Tables  of  Chemiftry. 

The  method  of  exhibiting  the  whole  of  a  fabjed,  with  the  relations  of  its  parts  to  the 
eye  in  tables,  is  of  mod  admirable  ufe  for  the  perfpicuity  of  communication,  and  its  ira- 
preffive  effeft  on  the  memory.  It  feems  as  if  the  caprice  of  fafliion,  which  during  the 
century  nearly  elapfed  was  inimical  to  every  appearance  of  formality,  had  in  a  great  mea- 
fure  fupprefled  thefe  valuable  helps  to  learning.  The  Tableaux  Synoptiques  of  Fourcroy 
will  be  not  only  of  the  higheft  fervice  to  the  individual  fcience  of  chemiftry,  but  may  tend 
to  (hew  the  advantages,  of  pofition  and  arrangement  in  other  fciences,  which  greatly  want 
it.  Thefe  tables  are  printed  on  twelve  large  fheets,  twenty-two  inches  by  thirty,  and 
confequently  with  the  misfortune  of  two  folds  in  each.  Every  flieet  contains  one  cable, 
and  the  author's  arrangement  is  governed  by  the  chemical  properties  of  bodies.  The  firfl 
table  contains  the  generalities  of  the  fcience,  its  order,  methods,  hiftory,  divifions,  expli- 
cation to  medicine,  &c.  2.  The  fecond  prefents  (a)  the  firft  clafs  of  fimple,  or  unde- 
compofed  bodies,  as  light  caloric,  oxygen  and  azote,  and  others  according  to  their  order 
of  combuftibility,  as  hydrogen,  carbon,  fulphur,  diamond,  and  the  metals ;  and  (b)  thefe  bo- 
dies burned  or  united  to  oxygen,  or  the  feries  of  oxides  or  acids,  clafled  by  their  attra&ions 
to  the  principle  of  combuftion,  and  the  difficulty  of  decompofing  them.  3.  The  third  ex- 
hibits firft  the  falifiable  bafes,  namely  earths  and  alkalis ;  and  fecondly,  the  firft  clafles  of 
falts.  4,  5,  the  fourth  and  fifth  tables  are  alfo  employed  in  the  claflification  and  defcription 
of  falts  6,.  7,  8,  9,  10.  The  five  following  tables  are  engaged  on  the  twenty  one  metallic 
fubftances  hitherto  difcovered.  11,  12.  and  the  eleventh  and  twelfth  prefent  (ketches  of 
the  vegetable  and  chemical  chemiftry. 

Thefe  tables  may  be  confidered  as  the  fynopfis  of  the  Syfteme  general  des  Connaiffances 
chitniques  of  the  author,  now  in  the  pre  fa,  and  after  its  appearance  he  will  publifh  a  fuller 
feries  of  tables  on  the  fubjedts  of  the  two  laft. 

The  prefent  tables  are  on  fale  at  De  Bofie's,  in  Gerard  Street,  London. 

Not* 
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Note  from  a  CorrtfliondeHt  refpefHng  tie  Bohgnian  Phofplnrut* 

To  Mr.  NICHOLSON. 
SIR,  % 


I 


AM  in  pofleflion  of  fome  (tones  from  Monte  Paderno,  near  Bologna,  of  which  the 
phofphorus,  called  there  Spongia  dr  luce,  and  Fietra  cuminabile,  is  made.    I  have  con- 
fulted  all  the  books  of  chemiftry  which  mention  the  method  of  making  this  phofphorus 
and  feveral  experienced  chemifts  have  exa£tly  followed  their  directions,  but  in  vain,  as  no 
one  has  been  able  to  caufe  the  ftone  to  imbibe  light. 

Tour  inferting  this  in  your  valuable  Journal,  may  perhaps  be  the  means  of  procuring 
fome  information  on  the  fubjeft,  and  the  exaft  method  of  preparing  it  5  likewife  if  it  can 
be  procured  in  London.  I  brought  fome  from  Bologna  fome  years  ago,  but  it  foon  loft  its 
property  of  retaining  light. 

I  am,  Sir, 

Your  humble  Servant, 
Sept.  34,  1800.  •  R.  T. 


ExtraS  of a  Letter  from  Mr  William  Henry ,  dated  Sept.  25,  1800,  to  eorrett  an  Inference  in 

hu  Paper  on  Galvanifm. 

<c  The  inference  which  I  had  drawn,  from  the  experiments  defcribed  in  your  Journal 
for  Auguft,  refpe£ting  the  decompofition  of  the  vegetable  alcali,  I  had  found  to  be  erro- 
neous, before  the  interesting  fads  of  Mr.  Davy  were  known  to  me ;  and  I  had  fully  in- 
tended a  recantation,  along  with  an  account  of  fome  other  experiments  on  the  fame  fub- 
je£t,  in  which  I  was  engaged,  above  a  month  ago.  Thefe,  however,  various  circura- 
ftances  have  prevented  me  from  completing ;  and  I  think  it  proper,  therefore,  not  to  delay 
making  an  acknowledgment,  and  dating  the  caufe,  of  my  offtake. 

"  The  fa£t  which  firft  led  me  to  fufpe£t,  that  I  had  drawn  too  hafty.  a  conclufion,  was, 
that  the  black  precipitate  proved,  on  examination,  to  be  merely  a  metallic  oxide,  and  not 
charcoal,  as  I  had  fuppofed  probable.  Varying,  therefore,  the  circumftanccs  of  the  ex- 
periment, I  tranfmitted  the  galvanic  influence  through  liquid  cauftic  alkali,  without  the 
conta£t  of  mercury ,  and  the  black  powder  then  ceafed  to  appear.  The  gafes  alfo  turned 
out  to  be  a  mixture  of  hydrogen  and  oxygen,  in  the  proportions,  pretty  nearly,  that  might 
be  expe&ed  from  water.  This  oxygen,  the  imperfedt  metals,  contained  in  the  quick- 
silver, had  before  prevented  from  appearing  in  a  gafeous  form.  From  ammonia,  the  con- 
taft  of  mercury  being  excluded,  gafes  were  obtained  correfponding,  in  kind  and  propor- 
tion, with  thofe  ftated  in  your  Journal  (p.  261),  the  quantity  of  oxygen  gas  appearing  to 
diminiih  as  the  alcaline  folution  was  more  completely  faturated." 
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THE    ARTS. 


NOVEMBER  1800. 


ARTICLE    r. 

Notice  offom  Ohjervations  on  the  Caufcs  of  the  Galvanic  Phenomena*  and  on  certain  Modes 
of  incrtaftng  the  Powers  of  the  Galvanic  Pile  of  Volta.  By  Mr.  Da  rr,  Superintendant 
of  the  Pneumatic  In/Htution.    Communicated  by  the  Author. 


T, 


HE  nature  of  this  communication  is  incompatible  with  a  detail  of  the  opinion*  pre- 
vailing amongft  philofophers,  refpe&ing  the  caufcs  of  the  galvanic  phenomena :  they  have 
been  generally  fuppofed  to  depend  on  the  different  powers  of  bodies  to  condo&  ele&ric 
fluid ;  Fabroni  was  the  firft  who  fyftematically  attempted  to  prove  that  they  were  chemical 
efle&s*. 

Immediately  after  I  had  perufed  an  interefting  observation  of  Lieutenant-Colonel 
Haldane  f  on  the  non-excitement  of  galvanifm  in  the  vacuum  of  an  air  pump,  I  began  an 
inveftigation  with  the  view  of  afcertaining  precifely  the  influence  of  the  atmofphere  on  the 
phenomena.  In  carrying  on  this  inveftigation,  I  have  met  with  fome  new  fa£b,  which  are 
capable  of  arrangement,  and  which  will  probably  lead  to  a  complete  explanation  of  the 
galvanic  efie&s. 

•  Phil.  Journal,  III.  30S.  .   t  Phil*  Journal,  IV.  141. 

Vol.  IV.— November.  1800.  X  x-  The 
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AND 


THE    ARTS. 


NOVEMBER  1800. 


ARTICLE    I. 

Notice  offome  Obfervations  on  the  Cam/a  of  the  Galvanic  Phenomena^  and  on  certain  Modet 
of  increafing  the  Powers  of  the  Galvanic  Pile  of  Volta.  By  Mr.  Da  rr,  Snperintendamt 
of  the  Pneumatic  InJHtution.    Communicated  by  the  Author. 


Ti 


HE  nature  of  this  communication  is  incompatible  with  a  detail  of  the  opinions  pre- 
vailing amongft  philofophers,  refpc&ing  the  caufes  of  the  galvanic  phenomena :  they  have 
been  generally  fuppofcd  to  depend  on  the  different  powers  of  bodies  to  condu&  ele&ric 
fluid  s  Fabroni  was  the  firft  who  fyftematically  attempted  to  prove  that  they  were  chemical 
efle&s*. 

Immediately  after  I  had  perufed  an  interefting  obfervation  of  Lieutenant-Colonel 
Haldane  f  on  the  non-excitement  of  galvanifm  in  the  vacuum  of  an  air  pump,  I  began  an 
inveftigation  with  the  view  of  ascertaining  precisely  the  influence  of  the  atmofphere  on  the 
phenomena*  In  carrying  on  this  inveftigation,  I  have  met  with  fome  new  fads,  which  are 
capable  of  arrangement,  and  which  will  probably  lead  to  a  complete  explanation  of  the 
galvanic  efie&s. 

•  Phil.  Journal,  III.  30 1.  f  Phil.  Journal,  IV.  14*. 
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On  the  Caujis  of  the  Galvanic  Phenomena* 


The  fak$0^  I  exn^j^S^ 
phenomena,  were  erefted  horizontally  in  the  ufual  mode;,  but  to  prevent, the  plates  from 
feparating  whqn  in  an  oblique  pofition,  their  fides  were  joined  together  by  refmous  cement 
at  twosor  three  points,  fufficient  interftice  being  preferved  to  admit  of  a  free  circulation  of 
air.  The  gafes,  when  any  were  produced,  were  received  in  fmall  tubes  filled  with  diftilled 
water,  containing  wires  covered  externally  with  wax?  and  communicating  with  the  ends  of 
the  pile.  The  piles  were  introduced  kit©  the  airs  through  water*,'  and  elevated  above  the 
water  by  a  metallic  plate  cemented  to  their  lower  extremities. 


I.  Zinc,  whether  eonntcTed  with  Stiver  m  Jlngk  Galv&nie  Circles,  or  canflkmting  the  Flat  if 
of  the  Galvanic  Pile,  feems  to  undergo  no  Oxidation  at  common  Temperatures ',  as  long  as  the 
Water  in  contatl  with  it  is  pure. 

By  pure  water,  is  more  immediately  meant  water  holding  in  folution  no  oxygen  gas,  no 
nitrous  gas,  and  no  acids.  It  baa  long  been  known  thai  certain  metallic  bodies,  which 
oxidate  flowly  in  water  expofed  to  the  atmofyhere,  effect  no  change  in  pure  water  f:  this 
I  have  obferved  is  particularly  the  cafe  with  regard  to  zinc.  That  zinc,  when  in  contact 
with  diver  in  the  atmofpherc,  and  forming  with .  it  a  circuit-by  means  of  water,  becomes 
oxidated  much  more  rapidly  than  when  (imply  in  contact  wich  water,  was  obferved  by 
Dr.  AftiJ.  ~  ... 

Suppofing  the  more  rapid  oxidation  to  be  the  effect  of  a  peculiar  electrical  influence  pro- 
duced by  the  contact  of  the  metals,  it  would  be  reafonable  to  conclude,  that  zinc  in  fingle 
circles  with  fifoer  and  pure  wajter,  or  at  leaft  in  the  galvanic  pile  erected  with  cloths 
moiltened  in  pure  water,  would  undergo  oxidation.  Fabrooi$,  however,  has  advanced 
that  fingle  galvanic  circles  do  not  oxidate  14  water,  uukfs  it  be  expofed  to  the  atmofpherc 
That  the  zinc  of  the  galvanic  pile  does  not  oxidate  in  contact  with  pure  water,  will  appear; 
from  the  following  observations : 

a.  A  fmall  pile  of  filver  and  zinc,  having  its  pafteboards  moiftened  with  water,  that 
had  been  juft  boiled,  was*  introduced  into  a  veffel  of  water  tha^  Jiad  been  long  boiling,  and 
was  yet  warm.  Refinous  cement  was  poured  upon  the  furface  of  the  water,  and  fattened 
to  the  glafs  as  it  cooled,  to  preferve  it  effectually  from  the  contact  of  air  ||.  The  apparatus, 
after  remaining  for  two  days*  was  examined  5  the  zinc  plates- were  fcarcely  at  all  tarnHhed  ; 
no  oxide  was  depofited  in  the  water,  and  nq  gas  had  been  evolved  through,  it.    A  fimilar 

*  Before  theft  experiments  were  made,  I  had  found,  by  numerous  trills,  that  a  pile  a&ed  hi  the  atmof- 
phere  immediately  after  its  immerfion  in  water  without  being  wiped,  though  more  feebly  thin  before:  I 
had  likewife  found  that  after  the  firft  immerfion,  die  powers  were  not  diminiihed  by  fubkejucut  qncs. 

+  See  Fabroni,  Phil.  Journ.  III.  309. 

J  And  Humboldt,  fee  Researches  Chem.  &  Phil,  page  568. 

§  Phil.  Journ.  III.  309. 

jj  Oil  of  turpentine,  and  even  common  oil,  as  will  be  feen  hereafter,  is  ineffectual  for  this  purpofe. 
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pile,  exposed  for  nearly  the  fame  time  to  water  in  contact  with  the  atinofphere,  had  de> 
pofited  much  white  oxide,  and  given  oat  fome  gas,  and  the  zinc  plates  were  whitened 
both  internally  and  externally*. 

.  b.  No  influence  can  be  communicated  from  an  elaftic  atmofphcre,  enabling  the  zinc  of 
the  galvanic  pile  to  decompofe  pure,  water ;  for  piles  were  introduced  into  hydrogen, 
nitrogen,  nitrous  oxide,  and  hydro-carbonate,  and  fuffered  to  remain  in  them  for  different 
lengths  of  time;  but  in  none  of  thefe  gafes  was  the  zinc  more  oxidated  than  if  the  pile 
had  been  immerfed  in  pure  water- 

c.  A  galvanic  pile  was  fuffered  to  remain  in  vacuo  for  fourteen  hours,  the  gage 
being  about  j%,  the  zinc  plates  were  flightly  tarnifhed,  but  no  white  oxide  had  formed 
upon  them. 

2.  The  Oxidation  of  the  Zinc  Plates  of  the  Galvanic  Pile  takes  place  whenever  the  Water  in 
contaB .with  them  holds  Atmofpberic  Air,  or  Oxygen,  or  Nitrous  Gas,  or  Nitrous  Acid,  or 
Marine  Acid,  JsV.  in  Solution. 

a.  The  oxidation  of  the  zinc  of  the  pile  in  the  atmofphcre,  and  the  protufion  of 
carbonate  of  foda,  has  been  accurately  defcribed  by  Meflrs.  Nicholfon  and  Carlifle.  I  have 
found  that  the  phenomena  of  oxidation  takes  place  much  more  rapidly  in  pure  oxygen  than 
in  the  atmofphete.  I  have  likewife  found  that  it  takes  place  more  flowly  in  nitrous  gas 
than  in  the  atmofpherc.  That  zinc  is  oxidated  in  folutions  of  nitrous  and  marine  acids, 
is  a  well  known  fa&. 

3.  When  the  Zinc  in  contacl  with  Water,  holding  in  folution  Sub/lances  containing  loofe  Oxygen*, 

or  Acids,  is  oxidated,  thefe  Sub/lances  are  altered,  or  they  exert  fome  Chemical  Affinities. 

a.  A  fmall  galvanic  pile,  expofed  to  about  twenty-one  cubic  inches  of  oxygen  gas  for 
fix  hours,  effected  a  diminution  of  it  which  might  have  equalled  one-fourth. 

b.  A  fimilar  pile,  expofed  to  an  equal  quantity  of  atmofpheric  air  for  two  days,  dirai- 
nifhed-it  one-fixth :  the  rcfiduum  being  fuffered  to  pafs  into  the  atmofpherc,  gave  a  fmell 
which  ftrongly  refembled  that  of  ammoniac ;  and  the  pile  held  over  marine  -acid  produced 
denfe  white  clouds. 

In  another  experiment,  an  equal  quantity  of  air,  expofed  to  the  pile  for  three  days,  gave 
but  a  very  flight  diminution  with  nitrous  gas,  and  could  not  be  inflamed  with  atmof- 
pheric air. 

c.  I  have  noticed,  Ref  Chem.  &  Phil,  that  wetted  zinc,  placed  in  contact  withhitWus. 
gas  over  mercury,  flowly  converts  it  into  nitrous  oxide  and  ammoniac.     A  fmall  pile,  ex* 

*  The  temperature  in  thefe  experiments  was  from  54.°  to  61*.  It  is  impoilihle  to  frte  water  of  a// its 
diflolved  air  by  boiling  1  it  is  likewife  impofliblc  to  prevent  a  few  globules  of  air  front  pafling  through  the 
cement  whilft  it  is  cooling  t  the  very  flight  taniim  of  zinc  kept  in  boiled  water  may  be  owing  to  the 
minute  quantities  of  common  air  exiftjng  in  the  water  from  both  thefe  caufes.  ..  ,.    • 

.      ,  X  x  2  pofed 
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pofed  to  about  twenty-two  cubic  inches  of  nitrous  gas  for  three  days,  diminiihed  it  oner 
fourth,  and  fome  of  the  gas  was  rendered  abforbable  by  water* 

d.  The  formation  of  nitrous  gas,  nitrous  oxide,  and  ammoniac,  when  very  weak  folu- 
tions  of  nitrous  acid  are  made  to  oxidate  zinc,  demonftrate  both  th?  dccompofition  of  die 
acid  and  the  water. 

t.  The  oxidation  of  zinc  in  folutions  of  marine  and  fulphuric  acids  in  water,  appears  to 
be  owing  to  the  affinity  which  has  been  called  predifpofing. 

4*  The  Galvanic  Pile  of  Signor  Folia  feems  incapable  of  aEting  when  the  Water  between  the 

Pairs  of  Plates  is  pure. 

The  word  pure  is  here  ufed  in  the  fame  fenfe  as  in  I. 

a.  I  have  found,  by  numerous  experiments,  that  the  galvanic  pile  introduced  into 
hydrogen,  through  common  water,  ceafes  to  evolve  gas  in  the  tube,  and  to  aft  in  about  five 
or  fix  minutes,  i.  e.  in  about  the  time  required  to  confume  the  atmofpheric  air  diflblved  in 
the  common  water  between  its  plates.  The  phenomenon  is  exaftly  the  fame  in  nitrogen, 
nitrous  oxide,  and  hydro-carbonate.  The  aftion  of  a  pile,  as  known  by  its  power  of 
evolving  gafes  from  water,  is  diminiflied  immediately  on  its  introduftion  into  thofe  gafes. 
It  ceafes  in  them  nearly  in  the  fame  time,  and  cannot  be  reftored  by  admitting  frefh  gafes  of 
the'  fame  kind,  though,  as  will  be  feen  in  the  next  feftion,  it  is  immediately  reftored 
by  immerfing  the  pile  for  a  moment  in  water  faturated  with  atmofpheric  air. 

b.  I  have  found,  by  numerous  experiments,  made  with  the  afliftance  of  my  friend, 
Mr.  King,  that  the  galvanic  pile  ceafes  to  aft  in  vacuo  when  the  gage  is  at  about  ^  of 
an  inch,  even  though  the  poles  are  connefted  by  wires  with  the  atmofphere,  and  the  water 
it  is  made  to  aft  upon  in  contaft  with  the  atmofphere. 

5.  The  Pile  ads  when  the  Water  between  the  double  Plates  holds  in  Solution  Atmofpheric  Air,  or 

Oxygen,  or  Nitrous  Gas,  or  Nitrous  Acid,  or  Marine  Acid* 

This  faft  I  have  proved  by  numerous  experiments. — a.  A  pile  afted  in  atmofpheric 
air,  included  in  a  glafs  cylinder  over  water  for  two  days,  till  nearly  all  the  oxygen  of  the 
air  was  confumed. — b.  A  pile  decompofed  water  much  more  rapidly  in  oxygen  than  in 
common  air,  and  lefs  rapidly  in  nitrous  gas  than  in  common  air. — c.  That  the  influence  of 
an  elaftic  oxygenated  atmofphere  is  not  eflential  tp  the  galvanic  efiefts,  is  evident  from  the 
faft  of  the  conftant  reftoration  of  the  powers  of  a  pile  after  they  had  ceafed  to  appear  in  the 
hydrogen,  nitrogen,  &c.  by  momentary  immerfion  in  water  faturated  with  atmofpheric  air. 
In  thefe  experiments  the  piles  were  plunged  into  the  water  confining  the  gafes,  and  again 
immediately  elevated  into  the  gas  without  being  expofed  to  the  atmofphere :  and  the  phe- 
nomenon could  be  owing  to  no  other  caufe  than  the  impregnation  of  the  water  with 
atmofpheric  air,  becaufe  when  piles  were  plunged  into  water  faturated  with  nitrous  oxide  *, 

•  This  jps  expels  much  common  air  from  water  j  fee  Refearcb.  Cbm.  tf  Phil.  R,  II.  S.  1. 
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their  powers  were  not  reftored.— d>  I  have  proved  by  many  experiments  *  that  water,  de- 
prived of  air,  is  capable  of  attrading  it  from  the  fpirit  of  turpentine  when  the  laft  is  in  con- 
mA  with  the  atmofphere.  The  galvanic  pile  ads  in  (pints  of  turpentine  for  a  great  length 
of  time,  and  nearly  as  well  as  in  the  atmofphere,  the  water  between  its  plates  being  coo* 
ftantly  fupplied  with  air  from  the  fpirits.  It  ads  but  for  a  (hort  time  in  fpirks  of  wine,  on 
account  of  the  combination  of  this  fluid  with  its  water.—/.  After  a  pile  had  ceafed  to  ad  in 
hydrogen,  its  powers  were  uniformly  reftored  by  a  momentary^immerfion  in  very  diluted 
marine  acid.  They  were  likewife  reftored,  and  rendered  more  intenfe.than  in  the  atmof- 
pher  ebymomentary  immerfion  of  the  pile  in  diluted  nitrous  acid,  though  they  continued 
to  be  exerted  for  a  (hort  time  only,  *.  e.  till  the  acid  was  decompofed  or  faturated* 

6.  The  Power  of ABion  of  the  Pile  of  Volt  a  appears  to  be  proportional  to  the  Power  of  the  con- 

duffing  fluid  Subftance  between  the  double  Plates  to  oxidate  the  Zinc. 

« 

This  feems  fufficiently  proved  from  the  fads  m  the  following  fedions.  The  zinc  oxi- 
dates lefs  rapidly  in  nitrous  gas  than  in  atmofpheric  air,  and  lefs  rapidly  in  atmofpheric  air 
than  in  oxygen :  and  the  power  of  adion  of  the  pile  as  known  by  its  evolving  gas  from 
water  is  greater  In  oxygen  than  in  atmofpheric  air,  and  greater  in  atmofpheric  air  than 
in  nitrous  gas.  The  power  of  the  pile  to  decompofe  water,  and  to  give  the  {hock  is  won* 
derfuUy  increafed  after  it  has  been  dipped  in  marine  acid,  and  ftill  more  increafed  after  it 
has  been  dipped  in  weak  nitrous  acid ;  and  thefe  bodies  only  enable  the  zinc  to  oxydate 
itfclf  more  rapidly.  A  fcries  of  plates,  in  which  the  oxidating  conduding  fluid  was  ftrong 
nitrous  acid,  aded,  as  will  be  feen  hereafter,  infinitely  more  powerfully  than  any  other  com* 
bination ;  fo  that  it  would  feem  that  the  power  of  a  pile  is  not  much  conneded  with  the 
evolution  of  hydrogen  from  water. 

7.  Conclufions. 

Of  two  phenomena,  or  of  two  feries  of  phenomena,  we  can  only  affirm  that  the  one  is 
the  caufe  of  the  other  when  it  uniformly  precedes  it,  and  when  their  modifications  are  con- 
neded. But  it  appears  from  all  the  foregoing  fads,  that  the  galvanic  pile  of  Volta  ads  only 
when  the  conduding  fubftance  between  the  plates  is  capable  of  oxidating  the  zinc ;  and 
that  in  proportion  as  a  greater  quantity  of  oxygen  enters  into  combination  with  the  zinc  in 
a  given  time,  fo  in  proportion  is  the  power  of  the  pile  to  decompofe  water,  and  to  give  the 
(hock  greater.  It. feems  therefore  reafonable  to  conclude,  tho&gh  with  otnr  prefent 
quantity  of  fads  we  are  unable  to  explain  the  exad  mode  of  operation,  that  the  oxidation 
of  the  zinc  in  the  pile  and  the  chemical  changes  conne&ed  with  it  ztc  fome  how  the  caufe  of 
the  eledrical  efieds  it  produces. 

*  Theft  experiment!  will  be  hereafter  detailed'. 
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8.    Of  a  new  Modi  of  eonjtru&ing  a  Pile. 

.Afluming  the  truth  of  this  conclufion  it  was  eafy  to  conceive,  that  a  pile  much  more 
powerful  than  any  hitherto  conftructed  might  be  made,  particularly  fuppofing  that  the  de- 
compofition  of  water  was  not  efiential  to  the  procefs,  plates  of  zinc  and  filver,  1.2  inches 
fquare,  were  faflened  in  pairs  by  refinous  cement :  eighteen  of  thefe  pairs  were  connected  to 
each,  other  by  cement,  and  fo  inclofed  by  it  as  to  lfeave  water-tight  partitions  open  at  one  fide 
only  between  each  pair  of  plates.  When  muriatic  acid  was  poured  between  the  partitions 
of  this  machine,  the  plates  being  perpendicular,  it  acted  very  powerfully  ;  its  capability  of 
decompofing  water  and  giving  the  (hock,  being  at  leaft  equal  to  that  of  a  common  pile  of 
feventy  plates.  Diluted  nitrous  acid  made  it  aft  (till  more  powerfully.  When  the  parti- 
tions were  filled  with  water,  its  action  was.  barely  perceptible.  Concentrated  nitrous  acid 
was  poured  into  them.  In  this  cafe  the  firftfhock  was  fo  powerful  as  to  benumb  my  fingers 
for  fome  feconds,  and  I  did  not  dare  to  take  another.  I  was  almoft  immediately  obliged  to 
throw  the  pile  into  water  to  prevent  it  from  being  deftroyed,  fo  that  there  was  no  time  to 
afcertain  its  power  of  decompofing  water. 

In  a  fecond  experiment,  with  ftrong  nitrous  acid,  I  ufed  only  five  pairs  of  plates,  whin  the 
(hock  was  full  as  powerful  as  from  the  common  pile  of  thirty  plates. 

Three  pairs  of  plates,  with  nitrous  acid,  gave  a  very  fenfible  (hock. 

I  have  procured  (on  account  of  the  lofs  of  the  filver  when  this  fubftance  is  part  of  the 
pile  with  nitrous  acid)  a  number  of  plates  of  copper,  iron,  and  zinc.  They  have  not  yet 
been  difpofed  in  the  apparatus ;  but  I  expect  by  means  of  nitrous  acid,  to  produce  effects 
from  them,  equal  to  thofe  of  the  ftrongeft  electrical  battery. 


11. 

On  raifing  Water  by  (he  Engine*  of  H.  Goodwyn,  Efq.  through  double  or  treble  the  Space 
of  the  defcending  Column,  and  on  the  proper  Arrangement  to  make  it  require  no  Attendance* 
By  a  Correjpondent. 


To  Mr.  NICHOLSON. 


S  I  R, 


A, 


JTTER  conGdering  various  methods  of  raifing  water  with  4ittle  trouble  and  exp^ncc* 
I  am  decidedly  of  opinion  that  Mr.  Goodwyn's  engine  will  anfwer  this  purpofe  the  bed.  It 
is  formed  upon  a  very  elegant  principle,  and  operates  by  the  afliftance  of  only  a  fmall 
quantity  of  water :  it  may  be  made  in  various  forms,  either  to  raife  the  fluid  above  the 
defcending  column,  or  from  below  it  to  a  level  with  the  bottom ;  and  the  height  may  be 


*  Defcribed  by  the  inventor,  in  this  Journal  IV.  163, 


doubled 


* 

doubled  or  trebled,  by  firopottionddy  encreifihg  the  defcending  mafs,  and  raifing  feveral 
columns  of  water  from  different  elevations  at  the  fame  time. 

To  extend  therefore  the  utility  of  the  invention  by  illuftrating  what  has  been  here  pre- 
mifcd  is  the  intention  of  the  prefect  communication. 

A  and  B,  in  PI.  XV.  Fig;  i.  reprefent  the  veflek  which  contain  the  rifing  and  defcending 
bodies  of  water :  they  are  fpherical  in  the  original  drawing,  (PL  VIII.)  but  to  lefien  the 
lofs  of  fpace  in  defcent,  they  are  here  made  flat  and  cylindrical. 

E  the  higher,  and  C  the  lower  cittern  of  the  original  figure* 

F,  a  veflel  the  fame  as  A,  with  tubes  I,  3,  and  6;  it  communicates  with  the  veffel  B,  by 
the  tube  1,  and  is  intended  to  raife  water  out  of  the  cittern  £  into  a  higher  and  additional 
cittern  G. 

2.  enlarged  tube  of  the  original  drawing. 
N    5.  hole  in  the  top  of  B,  inftead  of  a  tube.     This  hole  and  the  tubes  2, 4, 6, 6,  mult  be 
provided  with  valves,  all  which,  while  water  is  rifing  muft  be  kept  clofe  by  weights  or 
fprings,  except  the  valve  to  tube  2,  which  mutt  be  open. 

The  tubes  3,  3,  may  alfo  have  valves  to  fupport  the  raifed  columns. 

To  make  the  engine  operate  without  attendance,  a  veflel  containing  a  fyphon  muft  be 
fixed  to  the  fide  of  the  cittern  C,  and  fupplied  with  a  proper  quantity*.  Every  external 
valve,  except  the  lowed,  mutt  have  a  lever  joined  to  it ;  and  while  clofing  their  refpe&ive 
tubes,  they  (hould  be  connected  together,  and  to  the  lever  of  the  valve-  td  pipe  4,  which 
muft  fufpend  another  empty  veflel  and  fyphon. 

The  valve  of  pipe  2,  muft  alfo  be  fufpended  by  a  chain  or  wire  from  the  underfide  of 
valve  to  pipe  to  4,  and  when  one  clofes  the  other  muft  open. 

Fill  now  the  citterns  C  and  E  with  water,  and  let  the  lower  be  conftantly  fupplied:  the 
veflel  on  the  outfide  will  foon  become  full,  and  the  fyphon  will  empty  the  water  into  the 
lower  veflel,  which,  by  its  weight  will  open  the  valves  of  the  tubes  4, 5, 6,  6,  and  clofe  the 
valve  of  tube  2  :  the  veflel  B,  being  filled  through  the  hole  4  ;  the  defcent  of  water  through 
the  higher  fyphon  having  ended ;  and  the  lower  veflel  alfo  being  nearly  emptied  by  its 
fyphon 5  the  valves  will  clofe  the  tubes  4,  5,  6,  6,  and  the  valve  of  tube  2  will  open;  the 
water  will  then  begin  to  defcend  out  of  B,  and  raife  one  body  of  water  out  of  C  into  A,  and 
another  out  of  E  into  F.  When  B  is  nearly  empty,  or  A  and  F  are  full,  water  will  again 
defcend  through  the  fyphon  of  the  higher  veflel  into  the  lower,  which  will  open  the  tubes 
4>  5>  6>  6,  and  clofe  2 :  B  will  fill  a  fecond  time,  and  the  veflels  A  and  F  will  empty  them- 
felves  into  their  refpedive  citterns  E  and  G.  And  thus  the  reciprocations  continue  without 
interruption.    * 

Another  body  of  water  may  be  raifed  out  of  G  into  a  higher  cittern  by  additional  appa- 
ratus, and  by  proportionally  encreafing  the  dimenfions  of  B  and  the  tube  2. 

*  The  author  evidently  means  to  xtfc  to  the  papers  of  Mr,  Bofwtll  and  Mr.  Clofe,  at  pages  117  and  29  j 
of  our  prefent  volume.  ,  N. 

The 


344  Hydraulic  Engine.— ObfervaHons  an  Light  and  Heat. 

The  dotted  lines  reprefent  apparatus  for  railing  water  below  die  bottom  of  tube  2,  to  be 
ufed  inftead  of  thofe  above  the  ciftern  C. 

This  arangement  places  the  utility  of  the  engine  in  a  very  Ariking  point  of  view,  particu- 
larly when  we  wifh  to  employ  a  fmall  ftream  to  operate  upon  machinery;  where  the  defc$nt 
is  great,  but  the  quantity  of  water  inadequate  to  the  purpofe  even  with  the  afliftance  of  a 
refervoir.  *  In  this  cafe  let  nearly  the  whole  of  the  water  defcend  through  the  veflel  B  and 
tube  2,  before  it  enters  the  refervoir;  and  let  the  water  after  it  has  turned  the  wheel  be 
colle&ed  in  a  lower  bafon.  If  the  defcent  from  the  higher  refervoir  be  fo  great  as  to  allow 
part  of  the  lower  body  to  be  raifed  into  it  again  at  once,  the  quantity  raifed  may  be  made 
nearly  equal  to  that  which  has  defccnded  through  the  tube  a }  if  it  can  be  done  at  twice,  it 
will  be  lefs  than  half  that  quantity.  Still  however  I  think  it  will  be  very  advantageous  to 
employ  fuch  a  method,  as  the  operation  of  the  engine  is  conftant  and  diminilbes  no  power 
of  the  machinery  '•. 

In  fituations  where  this  machine  can  be  ere&ed  it  may  be  of  conGderable  ufe,  for  railing 
water  out  of  mines,  for  draining  pieces,  of  ground,  or  elevating  the  water  employed  in  do* 
medic  purpofes. 

I  am  Sir, 

Your  humble  Servant, 
Sept.  16, 1800.  L. 


III. 

Obfcrvations  and  Experiments  on  Light  and  Heat,  with  fortu  Remarks  on  the  Enquiries  of 
Dr.  Her/chil)  refpeQing  thofe  ObjeSs.    In  a  Letter  from  Mr.  John  Leslie. 


1 


To  Mr.  NICHOLSON. 
SIR, 

London^  O&9,  1800. 


AM  induced  to  trouble  you  with  this  communication  in  confequence  of  the  account  inferted 
in  your  laft  number,  of  two  papers  lately  read  at  the  royal  fociety.  Aware  that  the  celebrity 
which  their  author  has  fo  juftly  acquired  as  a  fkilful  and  indefatigable  obferver  will,  from  the 
indolence  of  our  habits,  confer  a  certain  extrirtfic  weight,  even  when  he  embarks  in  philo- 
sophical fpeculation,— I  cannot  help  feeling,  anxious,  left  that  authority  (hould  in  the  pre- 
sent inftance  retard  the  progrefs  of  fcience  by  giving  currency  to  opinions  which,  I  am  fully 
convinced,  are  inacurate  or  unfounded.  It  is  not  my  intention  to  cenfure  the  effort*  of 
genius  >  but  I  would  fuggeft  how  liable  are  men  of  talents  to  commit  miftakes  in  matters 

•  The  reafoning  in  this  paragraph  appears  to  be  defective,  becaufe  the  machine  engages  part  of  the  fall, 
and  thus  diminishes  the  e€t&  more  than  the  raifed  water  can  augment  it.  N. 
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#f  experiment,  efyeciafly  if  they  diftegard  analogy  and  the  general  concurrence  of  efta* 
biifhed  faCts.  It  would  appear  that  this  able  aftronomer,  on  entering  into  a  new  line  of 
enquiry  has  neither  employed  apparatus  fuited  to  the  nicety  of  the  fubjeCt,  nor  guarded" 
fufficiently  againft  the  numerous  and  latent  fources  of  error.  I  confider  myfelf  entitled  to 
fpeak  with  the  greater  confidence,  becaufe  I  had  long  directed  my  refearches  in  the  fame 
channel,  and  had  fortunately  hit  upon  a  Ample  contrivance,  improved  fince  by  pcrievering 
attention  which  afforded  to  fuch  inyeftigations  a  degree  of  precifion  and  facility  not  hitherto 
attained.  I  do  not  hefitate,  therefore,  to  maintain  that  Dr.  Herfchel's  capital  propoGtion 
originates  in  fallacious  obfervations.  To  fupport  this  affertion  I  will  briefly  and  with  re- 
htCtance  ftate  the  refuh  of  my  enquiries,  and  will  then  offer  fome  remarks  or  ftri&ures  on 
the  article  in  queftion. 

In  describing  my  photometer  t  noticed,  in  a  curfory  manner,  the  fcveral  points  in  optics  and 
chemical  philofophy  for  the  examination  of  which  it  was,  by  its  peculiar  delicacy,  fo  happily 
Calculated.  It  was  not  then  my  defign  to  enter  into  details,  or  relate  the  fuccefs  of  the 
experiments.  Thofe  interefting  deductions  I  referred  for  a  work  which  has  been  fevcral 
years  in  contemplation,  but  of  which  I  have  deferred  the  publication  from  time  to  time  as 
the  materials  accumulated,  from  a  defire  ftitt  to  extend  and  correct  my  views,  and  perhaps 
from  a  growing  indifference  to  the  voice  of  public  opinion,  which  I  am  forry  to  obferve  is, 
m  this  country  at  lead,  notorioufly  fervile  and  undifcerning.  Nor  will  I  at  prefent  antici- 
pate more  than  what  immediately  concerns  the  fubjeCt  under  difcufliort. 

After  conftru&ing  the  inftrument  one  of  my  firft  objects  was  to  determine,  by  their  cah*- 
rifie  eflfeCfo,  the  relative  intenfitiea  of  different  colours.  The  problem  had  indeed  been  at- 
tempted before,  by  FrartkKn,  Watfon,  and  others ;  but  from  fuch  rude  trials  nothing  in  any 
degree  accurate  could  be  expeftejL  I  therefore  coated  the  abforbent  ball  of  a  photometer 
fticceffively  with  a  feries  of  water-colours,  and,  after  allowing  it  to  dry,  I  placed  it  with  ano- 
ther photometer  in  the  fame  ftfe&dy  light,  Whether  expofed  to  the  diffufive  influence  of  thfe 
iky,  or  to  the  dtrett  impulfiort  of  the  folar  beams.  The  ratio  of  the  quantities  marked  by 
die  two  inftrument^  gave  the  proportional  abfoi*ption  of  the  coloured  fubftance,  and  cortfe- 
quently  its  pbwer  of  reflexion.  Inftead  of  paint,  I  fometimes  covered  the  ball  with  bitar 
of  coloured  filk ;  and  when  two  colours  fho wed  nearly  equal  effeCts,  I  hadrecqurfe  to  an 
expedient  which  rendered  their  difference  very  fenfible.  I  made  the  balls  of  the  photome- 
ter larger  than  ufual,  brought  them  to  the  ft  me  elevation,  and  bent  them  back  in  oppofite 
directions ;  the  glafs-eafb  confided  of  the  larger  fegment  of  a  hollow  fphere  furmounting 
£  cylinder ;  the  zero  of  the  fcale  was  placed  about  the  middle  of  one  of  the  branches,  and 
the  divifions  were  marked  both  in  afcent  and  dfefcent:  on  applying  the  approximate  colours 
to  thofe  counteracting  balls  the  difference,  whether  in  excefs  or  defeCt,  of  their  abforbent 
powers  was  eaflly  determined.  Thofe  experiments  were  likewife  varied  by  reletting  the 
rays  of  the  fun,  at  a  given  angle  from  a  coloured  furface,  agalrtft  the  dark  ball  of  a  photo- 
meter. I  need  not  defcend  tb  particulars,  but  I  was  (truck  with  the  copious  reflection 
from  fcarlet,  little  interior  to  that  from  a  white  furface.  Blue,  and  next  to  it  green,  reflected 
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the  fm ailed  quantities  of  light  Hence  the  explanation  of  feveral  h&s  which  occurred  in, 
the  application  of  the  photometer.  Expofed  to  the  fun-beams  only,  it  indicated  about  one 
hundred  degrees  at  noon  during  the  fummer  months  in  our  climate  ;  iheltercd  from  thofe 
direft  rays  it  gives  feventy  or  eighty  degrees,  when  the  Iky  is  covered  with  fleecy  clouds* 
but  only  ten  or  fifteen  degrees  if  the  atmofphere  is  clear  and  of  azure  hue.  On  the  fummits 
of  elevated  mountains,  the  fun  would  be  more  refplendent  while  the  vault  of  heaven,  of 
the  deeped  blue,  would  emit  a  proportional  feeble  light.  The  red  glofs  of  a  fire  was  found  to 
make  at  leait  three  or  four  times'as  much  im predion  as  the  flame  of  a  candle,  under  die 
yifual  angle.  And  language,  that  grand  monument  of  human  thought  and  feeling,  teftifies 
the  conformity  of  thofe  remarks  with  common  fentiment.  Red  and  orange  are  termed  warm 
tints,  and  we  admire  the  glow  of  the  Italian  landfcape.  Among  the  colours  fcarlet  is  rec- 
koned glaring,  green,  foft,  and  blue,  faint.  The  pleafurable  fenfation  excited  by  the  fight 
of  green,  independent  of  its  aflbciation  with  verdure  and  vegetable  life,  has  been  referred 
to  the  circumdances  of  its  occupying  the  middle  rank  of  the  fydem  of  colours.  But  green 
has  more  affinity  to  the  dark  and  abfoxbent  (hades,  and  the  eye  fcems  more  gratified  with 
deficiency  than  excefs  of  light. 

On  a  hady  trial,  I  perceived  that,  the  coloured  fpaces  of  the  prifmatic  fpe&rum  raani- 
feded  analogous  properties;  but  as  the  quantities  were  fmall  and  required  nicer  obferva- 
tion,  and  as  the  feafon  was  already  far  advanced  (it  was  in  October  1797),  I  refolved  tp 
podpone  the  whole  till  the  next  fummer.  I  prepared  accordingly  to  refume  the  inveftiga- 
tions  with*  every  advantage ;  but  I  am  forry  to  fay  that  my  plan  was  riot  accomplifhed  fo 
foon  as  I  expe&ed,  owing  partly  to  our  variable  fky,  fo  difcouraging  for  optical  experi- 
ments, and  partly  to  various  unforefeen  interruptions,  efpecially  that  of  undertaking  a  tour 
through  the  north  of  Europe.  In  the  beginning  of  lad  fummer,  however,  my  wiffi  wag 
realized,  yet  not  without  a  tedious  wade  of  time;  for  fuch  is  the  nature  of  this  infular 
climate,  that  the  fky  at  mid-day  is  feldom  cloudlefs,  and,  even  then,  its  azure  is  generally 
adulterated  by  a  milky  haze.  I  cut  a  broad  horizontal  flit  in  the  window- (h utter,  fufficicnt 
to  admit  freely  an  excellent  prifm  of  flint  glafs,  which  was  fixed  with  wedges  at  the  ends 
in  a  pofition  to  produce  the  gTeated  refraction.  BeTiind  was  placed  a  dand  about  r-J  inches 
broad,  |  of  an  inch  thick,  and  of  the  height  of  5  or  6  feet,  to  which  an  arm  projecting 
2  or  3  inches  from  the  edge  was  adapted  to  Aide  upwards  or  downwards  at  pleafure, 
and  to  this  the  photometer  was  attached ;  and,  to  avoid  as  much  as  poffible  every  chance  of 
deception,  I  annexed  to  that  arm  a  flender  branch  dretching  three  or  four  inches  towards 
the  window,  and  bearing  a  fmall  fcreen  capable  of  being  raifed  or  deprefled  as  occafion  re* 
quired,  fo  as  to  intercept  at  a  didance  the  whole  of  the  coloured  rays  but  thofe  fubmitted 
to  examination. 

I  (hall  omit  mentioning  other  precautions  ufed;  to  thofe  who  are  acqainted  with  accurate 
experimenting  it  would  be  fuperfluous,  and  to  the  red  of  your  readers  it  would  appear  dif- 
guftingly  minute.  The  dand  was  approached  as  near  to  the  window  as  was  compatible  with 
the  devclopement  of  the  feveral  coloured  fpaces,  which  was  at  the  didance  of  about  twa 
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feet  \  and  though  the  fhutter  was  clofed,  fufficient  light  entered  by  the  edges  of  the  prifm 
for  obferving  the  inftrument.  In  two  or  three  minutes,  as  the  colour  travelled  along  the 
black  ball,  the  fluid  generally  attained  the  point  of  equilibrium.  Photometers  of  both 
conftru&ions  were  employed  with  fimilar  refults.  The  observations  were  frequently  re- 
peated, and  from  the  mean  of  them  all  it  appears ;  that,  diftinguifhing  the  fpe&rum  into 
four  equal  portions,  which  coincides  with  the  blue,  the  green,  the  yellow,  and  the  red 
the  correfponding  intend  ties  or  calorific  meafures,  are  1,  4,  9,  and  16  degrees,  as  in  fig.  2. 
Fl.  XV.  Hence  the  gradation  of  thofe  intenfities  will  be  denoted  by  a  parabola  referred  to 
its  vertical  tangent.  A  variety  of  curious  propofitions  may  hence  be  deduced.  Thus,  fince 
the  complimentary  fpace  of  the  parabola  is  the  third  part  of  the  circumfcribing  red  angle,  it 
follows  that  the  intenGty  of  the  red  rays  feparated  by  a  prifm  of  flint  glaf9  is  triple  that  of  the 
compound  white  beam;  and  for  the  fame  caufe  the  blue  rays  are  more  than  five  times 
feebler  than  the  common  ftandard.  It  is  not  without  reafon  that  I  (late  the  particular  fort 
of  prifm  ufed,  becaufe  with  one  of  another  fubftance  the  colours  might  be  expanded  after 
proportions  materially  different,  which  would  of  courfe  give  different  refults;  for  the  forte 
of  a  pencil  of  coloured  light  mud  evidently  depend  on  the  denfity,  as  well  as  on  the 
fpecies  of  the  rays. 

The  important  difcovery  of  the  achromatic  telefcope  decifively  evinces  that  refrangibi- 
lity  is  not  a  property  inherent  eflentially  in  the  particles  of  light,  but  refults  from  the  fpecifie 
relation  or  affinity  between  thofe  various  particles  and  the  refringent  medium.  In  what 
proportions  the  feveral  rays  enter  into  the  compofition  of  the  folar  beam  has  not  been 
determined,  nor  does  any  mode  of  folving  the  problem  eafily  occur*  , 

It  is  remarkable  that  all  what  is  really  valuable  in  Newton's  optical  discoveries  was  an- 
nounced at  an  early  age,  but  encountered  fuch  oppofition  or  experienced  fuch  negle£t,  as 
to  affe&  that  great  man  with  chagrin,  and  to  extinguifh  completely  the  defire  of  communi- 
cating his  views  at  large  to  the  world.  Nor  did  he  refume  that  tafk  till  near  the  clofe  of 
life,  when  worn  down  with  infirmities,  and  his  choice  ft  faculties  wafted  in  the  compofir 
tion  of  laborious  works,  which,  for  his  credit  with  pofterity,  had  better  been  fuffered  to 
reft  in  oblivion.  Yet  even  thefe  (fuch  is  the  efFe&  of  exalted  reputation  ! )  were  now  ac- 
cepted with  indiscriminate  applaufe.  Had  his  treatife  of  optics  been  publifhed  at  an  ear- 
lier and  happier  period,  it  would  certainly  have  been  more  fober  and  correft.  'The  Sep- 
tenary and  mufical  divifion  of  the  prifmatic  fpeftrum  is  devoid  of  foundation,  and  too 
plainly  betrays  a  tin&uire  of  the  myfticifm  of  the  age.  It  is  equally  ftrange  and  mortifying 
to  obferve  the  moft  obje&ionable  part  of  that  fyftem,  and  which  is  dire&ly  confuted  by 
the  theory  of  .achromatic  glafles,  ftill  repeated  in  popular  books,  and  even  admitted  by  fome 
authors  of  a  higher  clafs. 

While  I  was  occupied  with  thofe  observations  in  Fifefhire,  fome  vague  accounts 
reached  me  of  a  paper  communicated  to  the  Philofophical  Society  at  London.  And 
whatever  my  Sentiments  were  refpe&ing  the  validity  of  the  conclufions,  I  refolvcd  calmly 
and  impartially  to  fubje&  the  pretended  fadto  to  the  tell  of  experiment.    When  a  pho- 
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tometer  was  placed  beyond  the  fpectrum,  thougfi  it  approached  the  margin,  whether 
above,  below,  or  at  the  fides,  no  effect  whatever  was  perceived,  'And)  as  that  inftrument 
greatly  furpafled,  in  fenfibility  and  regularity  of  performance,  the  fineft  thermometer,  it  is 
only  what  might  be  expected,  that  I  could  not  perceive  any  alteration,  if  I  employed  tber~ 
mometers  of  uncommon  delicacy  and  of  various  conftru&ions,  with  black  or  pellucid 
bulbs*  having  their  fcales  fubdivided  into  tenths  of  a  degree,  and  capable  of  indicating  ftiil 
fmaller  differences.  There  is  a  circumftance,  however,  which  being  overlooked,  might 
lead  to  egregious  errors.  If  the  fpe&rum  be  received  on  the  (land,  the  inftrument  brought 
hear  it  will  be  very  fenfibly  affected j  owing  partly  to  the  light  reflected,  but  chiefly  to  th^ 
action  of  the  heated  air  accumulated  over  the  illuminated  furface.  In  fhort,  the  operations 
are  deranged  in  every  cafe  where  the  inftrument  is  not  completely  infulated,»arod  is  remote 
from  all  folid  materials  which  might  detain  the  light;  And  it  is  worthy  of  remark,  that 
the  afflux  of  light  mult  raife  the  temperature  of  a  flat  furface  of  imperfect  conducting  folv 
ftfence,  fuch  as  wood  or  pafteboard,  more  than  four  times  as  much  as  it  will  the  blackened 
hall  of  a  thermometer ;  for,  in  the  former  cafe,  the  heating  and  cooling  caufes  are  exerted 
on  the  fame  fpot,  but  in  the  latter,  the  quantity  of  light  or  heat  received  is  only  » 
the  central  fection  of  the  ball*,  while  the  whole  furface,  which  is  quadruple  that  (pace,  -is 
expofed  to  the  cooling  influence  of  the  ambient  air.  There  are  other  cireumftauces,  too, 
which  tends  to  augment  that  difference  of  effect,  but  which  I  4hall  not  ftop  to  mention,. 
On  the  whole  it  is  moft  difficult,  where  an  active  fouvce  of  heat  extfts,  to  obtain  an  vol* 
form  temperature,  particularly  in  a  fmatl  room )  and  I  might  point  out  caufes,  not  yet  acpw 
prehended,  which  will  notably  affect  a  thermometer. 

Thefe  hints  will  ferve  as  a  elue  for  detecting  Dr.  Herfchers  mtftakes.  The  firft 
circumftance  that  begets  fufpieion  is  the  large  quantities  marked  by  his  thermometers^ 
and  which  are  not  much  inferior  to  the  full  force  of  the  fun- beam.  To  procure  the  colours 
of  the  fpectrum  diftinctly  evolved,  the  folar  image  muft  be  extended  to  ten  times  its 
breadth;  nor  can  it  be  imagined  that  rays  fo  attenuated  could  produce  fuck  palpable 
effects.  The  Doctor,  indeed,  admits  that  a  finall  thermometer  was  left  affected.  Yet  it 
is  obvious  that,  if  the  action  was  due  merely  to  the  affio*  of  light,  the  fee  of  the  baH 
ought  to  occafion  no  alteration,  fince,  if  k  prefects  lefs  furfaee  to  the  beam,  it  tikewifc^ 
in  the  fame  ratio,  expofes  lefs  furfaee  to  Ac  fumnindmg  air.  A  very  etrriotts  reafon  it 
afligned — "  the  cooling  agency  of  the  afcending  ft  ream  of  airy  which  would  act  more 
"  ftrongly  where  the  proportion  of  fitrfoce  to  bulk  was  greater*."    The  idea  of  am 

efcmdmg 


•  I  muft  ih  fairnefs  take  notice  that  the  words  here  quoted  from  Philof.  Journal  IV.  j»i,  are  not  Dt 
Herfchers  but  mine,  as  the  abridger  or  narrator  of  the  contents  of  his  paper.  The  Doctor's  obfervation 
(Philof.  Tranf.  Y.  1800.  page  261.)  ftates  in  very  general  terms  that  the  cooling  caufes  may,  he  fuppofes, 
have  a  ftronger  affeft  on  the  final!  than  the  large  thermometer.  I  do  not  here  quote  more  fully,  becaufe  the 
point  feems  not  of  fuch  importance  as  to  demand  it,  and  becaufe  the  only  mlftake  refpe&iqg  it  appears  fo- 
lk with  ffce  ingenious  author  of  the  pwftat  cwwHHiikatkm,    His  feeotid  reflections  will  not,  furely,  permit 
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a/cenJirtg  eold  finatn  is  certainly  original ;  at  If  aft,,  it  (lands  in  direft  oppofition  to  all  the 
eftablifhed  principles  of  philofophy,  though  it  is  not  calculated  to  infpire  the  mod  favour* 
able  opinion  of  the  author's  acumen  in  phyfical  inquiries.  The  tardy  progreffion  from 
violet  to  red  compared  with  the  numbers  which  I  have  affigned,  feems  to  betray  the  ac- 
ceiCon  of  extraneous  influence,  fiefides,  the  dark  ball  of  a  thermometer  will,  for  the  moil 
part9  receive  its  full  impreffion  in  the  fpace  of  one  or  two  minutes;  but  the  Doctor's 
thermometers  required,  or  at  leaft  were  allowed,' an  expofure  of  ten  or  thirteen  minutes* 
This  faft  affords  a  ftrong  prefumption  that  other  matters  were  brought  into  a&ion,  capable 
of  a  more  prolonged  abforption,.  and  of  a  greater  accumulation  of  heat,  than  a  mercurial 
bulb.  Nor  can  I  hefitare  to  impute  the  principal  derangement  to  the  platform  on  which 
the  thermometers  were  laid,  which,  receiving  light,  thpiigh  partially,  woijld,  as  before 
bbferved,  acquire  heat  in  a  quadruple  ratio,  and  communicate  this  to  the  contiguous 
ftratum  of  air.  The  fame  confideration  will  explain  the  origin  of  the  miftake  on  which  the 
paradoxical  aflertion  is  grounded,  of  "  invifible  refrangible  light."  Indeed,  a  more  ob~ 
je&ionable  plan  of  conducing  experiments  could  fcarcely  have  bean  devifed.  The  prifm 
"was  fixed  in  an  inverted  pofition^  to  dire&  the  rays  downwards  upon  a  table,  which  was 
covered  with  white  paper ;  and  the  thermometer  was  placed  a  little  beyond  and  above  the 
edge  of  the  Ted  light.  In  fuch  a  fituation  bo  wonder  that  the  bulb  was  notably  afre&ed* 
being  rmmerfed  in  a  warm  atmofphere  which  extends  to  a  certain  diftance  Over  the  illu- 
minated fpace,  and  receiving  likewife  a  large  portion  of  the  fevefal  coloured  rays  reflected 
from  the  paper.  That  joint  efk€t  would  be  (till  further  increased  by  the  thermometer 
having  its  bulb  drreftly  oppofed  to  the  afcent  of  the  heated  air.  The  aft  ion  might  even  be 
greater  than  if  the  bulb  were  placed  in  the  coorfe  of  the  red  rays,  fince  it  would  then  in- 
tercept that  light  which  would  have  produced  an  accumulated  effect  on  the  wood  below*. 
But  why  is  the  maximum  of  invifible  light  ftated  at  half  an  inch  beyond  the  red  rays? 
Does  it  move  in  ftraight  lines?  sDoes  it.  diverge  at  a  certain  angle,-  or  has  rt  variotrt 
degrees  of  refran^ibility  ?  Thefe  were  queftions  to  be  refolved.  And  after  all,  what  has 
invifible  matter  to  do  with  that  peculiar  ftrn&ure  of  the  furface  of  bodies  which  conftitutes 
black  or  white  ? 

Should  any  doubt  remain  after  this  long  examination,  there  is  a  (ingle  fa&  which  at 
once  demolilhes  the  whole  fabric.  If  thofe  invifible  calorific  rays  had  any  real  exiftence,, 
the  a&ion  of  a  burning  glafs  would  be  moft  powerful,  not  at  the  proper  focus,  but  a  eon- 
fiderable  way  beyond  it.  For  the  fame  reafon,  the  hole  burnt  in  a  black  piece  of  % cloth 
would  not  be  confined  to  the  lucid  focus,  but  would  include  a  ring  fwelliifg  all  round  to 
more  than  double  that  diameter* 

him  to  deny  that  every  current  of  air  which  ftfeends,  in  confluence  of  the  proximity  of  an  heated  body,, 
■rait  be  cold  when  compared  with  that  body  itfdf }  or  (to  keep  more  ftri&ly  to  the  expreffion  alluded  *o) 
that  it  cannot  receive  the  heat  which  makes  it  afcend,'  without  cooling,  or  exerting  a  cooling  agency  on,  the. 
body  which  heats  it.    N. 
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I  have  already  extended  this  paper  beyond  the  limits  I  firft  propofed:  I  will  not, 
therefore,  fatigue  your  readers  by  attempting  the  refutation  of  fome  obfeure  and  verbofc 
arguments  advanced  by  Dr.  Herfchel,  which  involve  a  Angular  fpecies  of  logic,  and  feem 
repugnant  to  the  fundamental  principles  of  dynamics.  The  hypothecs  of  mvifible  light  is 
not  new  in  the  fcientific  world.  It  was  fuggefted  by  the  radiant  heat  of  Scheele  and  the 
radiant  cold  of  Piflct.  It  was  propofed  or  adopted  by  the  late  very  ingenious  Dr.  Hutton. 
The  fa£ts9  indeed,  on  which  it  was  grounded  may  be  fatisfa&orily  explained  from  known 
principles.  It  was  not  confident  with  drift  metaphyfics  \  and  to  beftow  the  property  of 
being  reflected  on  invifible  light,  was  furely  dretching  the  limits  of  probability.  Yet  was 
the  hypothcGs,  in  fome  degree,  plaufible  and  alluring-  The  little  improvement  of  afcrib- 
ing  to  it  like  wife  refrangibility,  by  rendering  the  whole  abfurd,  has  diflblved  the  charm. 
What  is  the  eye  itfelf  but  a  compound  prifm  ?  And  is  not  the  expanfion  of  the  optic  nerve 
adapted  by  its  conditution  to  receive  impreffions  through  the  diaphanous  fubdance  of  the 
humours  and  coats,  and  tp  convey  their  appropriate  fenfetions?  But  thofe  are  only  fenfations 
of  light.  Senfations  ofjieat  are  confined  to  no  particular  clafs  of  nerves.  Refrangibility  is 
therefore  correlative  with  vifion,  and  "  invifible  refrangible  light"  feems  a  contradiction  of 
terms.  But  all  metaphyfical  confiderations  apart ;  if  the  image  of  the  fun  be  not  encircled 
with  a  broad  lucid  ring,  on  filing  our  eye  on  that  luminary,  the  fenfation  of  heat  ought  not 
to  refide  in  the  correfpondkig  fpot  on  the  retina,  it  fliould  be  more  intenfery  felt  over  the 
furrounding  fpace. 

Let  me  conclude  by  recommending  to  your  inquifitive  readers  two  works  of  very 
fuperior  merit.  I  mean  the  Traite  fOptique  of  Bougner,  and  the  Pbotometria  of  Lambert. 
The  public  has  a  right  to  expe&  that  authors  have  previoufly  dudied  the  labours  of  their 
predecefibrs;  but  it  would  be  charity  to  believe  that  fome  late  writers  had  not  confulted 
thofe  excellent  models,  which  might  have  prevented  much  unnecefiary  repetition,  and 
corre&ed  feveral  grofs  errors. 

I  am,  SIR, 

Your,  mod  obedient  fervant, 

JOHN  LESLIE. 
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HE  fird  article  relates  to  the  converfton  of camphor  into  oil  by  repeated  didillations  from 
a  bolar  earth.  This  operation,  he  obferves,  was  long  fince  defcribed  by  Neumann,  and 
he  appears  to  reproach  Citizen  Lagrange  that  he  has  not  quoted  this  author  in  his  Memoir 

•  Translated  from  the  Report  made  to  the  firft  Clafs  of  the  Physical  and  Mathematical  Sciences  of  the  In- 
stitute of  France  by  Cit.  Vauquelin  j  Guyton  and  Vauquelm  being  commilfioners.    The  report  is  inferted 

in  the  Annates  de  Chixnie,  XXXV.  3s. 

upon 


Method  of  obtaining  pure  Tannin.  $$  t 

upon  Camphoric  Acid*,  in  which  he  has  treated  of  the  converfion  of  camphor  into  oil. 
Excepting  this,  nothing  is  faid  upon  the  fubje&  by  M.  Proud  but  what  is  already 
univerfally  known. 

In  the  fecond  article,  which  is  more  interesting  than  the  firft,  he  communicates  fome 
methods,  more  fimple  than  thofe  which  he  had  previoufly  pointed  out,  of  obtaining  pure 
tannin%  the  principle  of  which  he  has  obtained  from  the  excellent  Memoir  of  Citizen 
Deyeux  upon«the  Nut-gall. 

The  procefs  confifts  in  pouring  a  folution  of  carbonate  of  pot-afli  into  an  infufion  of 
galls.  By  the  mixture  of  thefe  two  liquids,  a  yellowifh  white  precipitate  is  formed,  in 
the  form  of  a  cogulum,  which  Ribaucourt  took  for  an  earth,  and  which  it  is  only  nectffary 
to  wafli  with  a  little  cold  water  to  obtain  the  pure  tanning  matter.  But  care  mud  be  taken 
not  to  wafh  it  with  too  much,  nor  with  warm  water  $  for  however  little  foluble  this  matter 
may  be,  it  is  neverthelefs  enough  fo,  to  disappear  totally  in  a  tolerably  large  quantity  of 
water.  Hence  it  follows,  that  in  order  to  enfure  complete  fuccefs  in  the  operation,  the 
infufion  of  galls  muft  not  be  too  much  diluted  with  water,  fince  in  that  cafe  there  will  be 
no  precipitation* 

It  is  no  lefs  effential  that  the  alkali  fhould  be  perfectly  faturated  with  the  carbonic 
acid,  becaufe  an  excefs  would  favour  the  folution  of  a  certain  quantity  of  the  tannin* 
which  would  be  greater  in  proportion  as  the  alkali  was  more  cauftic.  Thus  it  is  feen  that 
the  tannin  is  feparated  from  its  folution  by  an  alkaline  carbonate,  not  as  might  be  fuppofed 
by  faturating  the  gallic  acid  but  by  engaging  its  water  of  folution;  for  all  the  falts  which 
have  a  certain  degree  of  affinity  with  this  liquid  in  the  cold  produce  the  fame  effe&. 

But  however  fmall  the  quantity  of  water  that  may  be  ufed,  and  whatever  its  temperature 
may  be,  fome  tannin  always  remains  in  folution ',  becaufe  it  is  foluble  in  a  certain  pro* 
portion  even  of  the  coldeft  water.  The  greateft  part  of  this  matter,  which  thus  remains  in 
folution,  may  be  obtained  by  evaporating  any  portion  of  the  liquid,  and  part  of  the  tannin . 
feparates  by  cooling,  which  is  more  or  lefs  in  proportion  to  the  quantity  of  water  eva- 
porated. The  tannin,  when  it  has  been  thus  feparated  from  the  other  fubftances  which 
accompanied  it  in  the  galls,  has  the  appearance  of  a  glutinous  parte,  of  a  yellowifh  grey 
colour,  the  parts  of  which  adhere  to  each  other  in  a  confiderable  degree.  It  dries  with 
difficulty ;  but  when  it  is  fpread  in  thin  layers  upon  earthen  plates,  and  afterwards  expofed 
to  the  heat  of  a  (love,  it  firft  melts,  then  becomes  dry,  and  at  laft  acquires  the  appearance  of 
a  kind  of  yellow  refin,  with  a  vitreous  fra&ure.  This  tannin,  fubmitted  to  diftillation, 
affords  a  faline  liquid,  in  which  the  fmell  of  ammoniac  is  diftingui(hed>  and  which  poffeffes 
the  property  of  blackening  folutions  of  the  red  oxide  of  iron;  a  property  which  rauft  be 
attributed  to  a  fmall  quantity  of  tannin  volatilized  without  alteration,  and  not  to  the  gallic 
acid,  becaufe  it  does  not  afford  a  green  colour  with  alkalis. 

•  PhiloC  Journal,  II.  97. 
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The  oil  which  tannin  affords  by  diftillation  is  very  finall  in  quantity,  and  ib  tfndfc 
that  it  remains  attached  to  the  neck  of  the  retort.  Its  coal  is  bulky,  and  forms  -fa  <* 
0.026  part  of  the  diftilled  mafs.  . 

The  liquid,  from  which  the  tannin  has  been  feparated  by  the  carbonate  of  pot-afh,'  foon 
becomes  green  in  the  air,  the  oxygen  of  which  it  abforbs. 

Sulphurated  hydrogen  deftroys  this  green  colour  by  uniting  itfdf,  in  its  turn,  to  the 
oxygen.  Though  the  gallic  acid  renders  tannin  more  foluble  in  water,  as  was  remarked  by 
Citizen  Deyeux,  neverthelefs  M.  Prouft  does  not  believe  that  it  is  by  combination  with 
this  acid  that  alkaline  carbonates  precipitate  the  tannin,  fince  they  arfo  feparate  this  matter 
from  a  fimple  folution  in  water)  and  becaufe  moft  of  the  very  foluble  neutral  fairs  alfo  pre- 
cipitate it.  It  is*  therefore,  Gmply  from  a  ftronger  affinity  of  thefe  falts  to  water  that  thefe 
different  fubftances  feparate  the  tannin  from  that  flui<£  The*  gallic  acid  pofleffing,  how- 
ever* the  faculty  of  diflblvinga  certain  quantity  of  this  matter,  and  the  carbonate  of  pot-- 
afli  pofleffing,  at  the  fame  time,  the  double  power  of  faturating  this  acid  and  of  uniting- 
itfelf  clofely  to  the  water,  it  ought,  under  like  circumftances  of  fotabrliry,  to  leave  left 
tannin  in  folution  than  the  other  falts. 

M.  Prouft  obferves,  that  thefe  fa&s,  unimportant  as  they  may  fcem  to  be,  fhoirld  put  us 
upon  our  guard  againft  the  efte£ti  which  take  place  between  the  folution  6f  the  tanning- 
principle  and  animal  fluids;  indeed,  fince  the  feline  materials,  of  which  thefe  liquids  are 
never  deprived,  are  able  to  precipitate  the  tanning  principle,  it  ought  not-  henceforth  to  Be 
concluded  from  the  appearance  of  the  precipitate,  at  lead  not  tilf  the  nature  of  the  depofi- 
tion  has  been  examined,  that  animal  fhridfr  contain  gelatin. 

A  piece  of  the  mu'fcle  of  an  ox,  or  of  raw  hide,  fpeedily  difcolours  the  iirfufion  of  gall- 
nut,  and  leaves  nothing  but. gallic  acid  in  the  liquid.  When  thefe  fubftances  are  faturated 
with  the  tanning  principle,  they  eafily  dry  without  putrefa&ion  *  their  fibres  then  feparate 
and  crumble  into  duft  between  the  fingers,  like  wood  which  is  worm-eaten.  M.  Prouft 
very  rationally  confiders  the  galling  of  wool,  filk,  and  cotton,  as  a  fpecies  of  tanning $  in 
which,  by  taking  care  not  to  carry  the  combination  too  far,  the  animal  fubftance  is  made 
to  acquire  confiderable  hardbefs  andrefiftance  to  the  a&ion  of  water,  without  lofing  too 
much  of  its  flexibility*  befides  rendering  it  unfit  to  become  the  food;  of  hrfcG*.  He  alfo 
demands  whether  the  folution  of  tan  would'  not  anfwer  the  purpofes  of  embalming  better 
than  any  of  the  ingredients  which  have  yet  beeti  made  ufe  of. 

Citizen  Bifce  is  the  firft  perfon  who  obferved'  that  by  pouting  folphuric  or  muriatic  acid' 
upf/n  a  rather  fttong  decoftion  of  galls,  a  confiderable  depofit  is  formed.  M.  Prouft 
availed  himfelf  of  this  property  to  feparate  the  tanning  principle*  from  the  gallieacrd  with 
which  it  i*  mixed  in  the  galls,  ft  16,  in  faft*,  this  fobftarice  which,  by  combining  itfeir 
with  the  acids,  becomes  in  foluble,  and'  is  precipitated  from  the  water  in  the  form  of  an 
adhefive  pitch.  When  the  precipitation  is  complete*  theJiquid  which  , contains  the  gallic 
acid  is  decanted ;  the  precipitate  is  wathed  with  cold  wat^r  $  it  is  then  diflblved  in  boiling 
Water;  the  fulphuric  acid  is  faturated  with  carbonate  of  pot-a(h9  and  the  tanning  principle 
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becomes  precipitated  as  the  pot-afh  unites  itfctf  to  the  acid,  and  the  fulphate  of  pot-afli, 
which  has  been  formed,  diffolves  in  the  water.  In  order  to  obtain  the  whole  of  this  fub- 
ftance,  the  liquid  mult  be  reduced  by  eraporation,  and  the  depofit  muft  be  fuffered  to 
become  cold,  and  wafhed  with  Cold  water.    It  is  the  pure  tanning  principle. 

After  defcribing  the  proceffes,  which  we  have  juft  related,  for  feparating  the  principles 
of  the  nut-gall,  namely,  the  tanning  principle  and  the  gallic  acid,  M.  Prouft  next  examines 
what  takes  place  between  thefe  fubftances  and  iron  in  the  making  of  ink.  He  remarks, 
fir  ft,  that  the  reafon  why  ink  is  not  formed  with  a  folution  of  iron  at  the  minimum  of 
oxidation  is,  becaufe  the  tanning  principle  and  the  gallic  acid  hare  lefs  affinity  with  the 
iron  than  the  fulphuric  acid  h^s.  adly,  That  when  a  folution  of  iron  at  the  maximum  of 
oxidation  immediately  produces  a  black  colour  with  an  infufion  of  galls,  the  reafon  is,  that 
in  this  cafe  (he  red  oxide  of  iron  has  a  greater  attra&ion  to  the  principles  of  the  gall-nut 
than  to  the  fulphuric  acid.  He  proves  this  by  diffolving  the  combination  of  iron  with  the 
tanning  principle  in  fulphuric  or  muriatic  acid,  which  gives  a  blueifli  tranfparent  liquid, 
which'  would  lofe  its  colour  if  decompofition  took  place.  He,  therefore,  confiders  ink  as  a 
folution  of  the  tannate  and  the  gallate  of  iron  in  fulphuric  acid.  3<Uy,  That  when  ink, 
fpread  upon  paper,  quickly  becomes  black,  it  is  becaufe  it  abforbs  an  additional  quantity  of 
oxygen,  which  renders  it  more  infoluble  in  water.  The  combination  of  the  oxide  of  iron 
with  the  gallic  add  apd  with  the  tanning  principle,  which  forms  the  bafis  of  ink,  contra&s 
only  a  flight  adherence  with  the  acids,  and  feparates  itfelf  from  them  by  repofe  at  the  end 
of  fome  time.  In  this  cafe  it  is  affe&ed  nearly  in  the  feme  manner  as  metallic  falts  diflblved 
in  a  foreign  acid  *  and  for  this  reafon  it  is  that  when  a  plate  of  iron  is  put  into  a  folution  of 
ink,  this  metal  precipitates  the  black  particles,  abfolutely  in  the  lame  manner  as  iron 
feparates  the  phofphate  of  iron  from  acids. 

Alkalis,  cautioufly  added  to  the  folution  of  ink,  precipitates  its  black  parts,  but  an  excefs 
of  alkali  diffolves  the  atramentary  combination,  and  produces  a  fluid  of  the  colour  of  wine, 
more  or  lefs  intenfe. 

Gallic  acid  produces  no  efie&  on  ink,  becaufe  the  oxide  of  iron  is  faturated.  The  fsune 
acid  is  not  very  a&ive  in  (hewing  the  prefence  of  red  oxide  in  a  folution  containing  an 
excefs  of  acid,  becaufe  the  combination  is  diflblved  in  proportion  as  it  is  formed*  But 
by  carefully  faturating  the  excefs  of  acid,  the  liquid  is  rendered  black. 

The  combination  of  the  gallic  acid,  and  the  tanning  principle  with  iron,  does  not  become 
changed  into  pruffiate  of  iron  by  means  of  prufliate  of  pot-afh,  even  with  die  affiftante  of 
heat.  The  nitric  acid  diffolves  the  ink,  and  efieds  no  change  in  its  nature  in  the  cold  *  but 
by  heat  it  deftroys  it,  and  the  yellow  oxalate  of  iron  is  precipitated  by  the  addition  of  am- 
moniac. Whenever  iron  filings  and  an  infufion  of  galls  are  mixed  together,  a  disengage- 
ment of  hydrogen  gas  takes  place ;  which  proves,  fays  M.  Prouft,  that  the  oxjdatkm  of 
iron  begins  at  the  expence  of  the  water,  and  that  it  is  completed  by  the  air,  an  event  whicfr 
alio  takes  place  with  vegetable  acids,  which,  not  fufficiendy  attrafting  the  oxide  of  iron 
oxided  to  the  minimum,  cannot  counterpoife  the  affinity  of  the  oxigen  which  tends  to  ad- 
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vzofit  it  to  the  maximum ;  and  this  is  the  reafon  why  the  acetates  of  iron  pals  Co  rapidly  to  a 
fed  colour,  that  it  is  impoflible  to  obtain  them  green  in  a  folid  ftate. 

M.  Proud  prefers,  both  for  durability  and  beauty,  ink  which  is  made  by  a  folution  of 
iron  in  an  infufion  of  the  gall-nut,  to  that  which,  is  prepared  from  fulphate  of  fteeL' 
His  reafons  are  plaufible.  The  infufion  of  acorns,  concentrated  and  digefted  with  iron 
filings,  prefented  the  fame  phenomena  as  the  infufion  of  the  gall-nut,  and  afforded  M.  Prouft 
an  ink,  which,  when  mixed  with  a  fmall  quantity  of  Tinegar  and  a  fufficient  quantity  of 
gum,  was  inferior  to  none  in  its  good  qualities. 

From  the  experiments  of  M.  Prouft,  it  follows,  that  there  is  nothing  except  the  red 
oxide  of  iron  which  can  make  ink  with  the  principles  of  the  gall-nut ;  that  the  frlphates  of 
iron,  which  are  made  ufe  of  for  that  purpofe  by  ink-makers,  containing  always  different 
quantities  of  red  oxide,  there  as  many  different  kinds  of  ink  as  there  are  recipes  for 
making  of  it  •,  but  let  thefe  inks  be  only  once  fpread  upon  paper,  and  the  air  reduces  them 
all  to  nearly  the  fame  ftate.  ■    . 

Every  one  is  acquainted  withJfhe  property  poflcfled  by  inks  which  are  too  much  diluted ^ 
of  becoming  black  after  they  are  fpread  upon  paper  by  the  pen  ;:  but  this  phenbmemurmay 
be  produced  in  a  much  more  ftriking  manner*  -  It  is  only  necefiary  to  pafs  fome  fair 
ph'urated  hydrogen  gas  into  the  ink,  and  the  black  colour  will  inftantly  difappear ;  but 
afterwards,  in  writing,  it  is  very  pleafant  to  obferve  this  clear  liquid  become  very  fpeedily 
black.  ■ 

Such  are  the  principal  fads  which  have  been  communicated  by  M.  Prouft  refpe&ing  the 
combination  of  iron  with  the  principles  of  the  gall-nut ;  namely*  the  tanning  principle  and' 
the  gallic  acid.  They  ferve  to  illuftrate  the  theory  and  the  .pradice  of  the  arts  of  dyeing 
and  of  ink  making.  He  has  promifed  the  Inftitute  to  purfue  his  refearches  on  this  fubjedi 
ftill  further.  •  '      ■ 

In  another  article,  M.  Prouft  propofes  a  method  of  obtaining  fidphuric  acid  from  the  refduu 
of  the  di/lillation  of  fulpburic  ether.  This  fimple  procefs  confifts  in  diluting  the  refidue  with 
two  parts  of  water,  filtering  through  a  cloth  to  feparatethe  coaly  fubftance  from  it,  and 
fubje&ing  the  liquid  to  diftillation  in  a  glafs  retort.-  When  the  acid  has  acquired  1.84 
of  fpecific  gravity,  from  4  to  6  grammes  (parts)  of  faltpetre  to  each  demikilogram  (five 
hundred  parts)  are  added ;  and  the  diftillation  is  continued  till  the  fluid  is  perfedtly  white, 
and  weighs  from  1.86  to  1.87,  water  being  1.00. 

M.  Prouft  prefers  an  iron  frame  to  a  (and  bath  to  place  the  retort  in  for  thefe  diftil* 
lattonss  and  he  gives  very  good  reafons.  for  the  preference.  He  computes  that  the  profit 
of  purifying  the  refidues  of  ether  in  this  manner  will  be  confiderable  5  fince  it  affords 
between  *  fourth  and  a  third  part  of  fulphixric  acid  concentrated  to  1.87  fpecific 
gravity.  ■      ■      ' 

The  fulphuric  acid,  feparated  from  the  butuminous  matter  before  it  is  re&ified,  has  been 
fubje&ed  to  fome  experiments .  by  M.  Prouft.  He  obferved,  that  alkalis,  as  well  as  the 
prufltates,  did  not  precipitate  any  thing.    It  abundantly  decompofes  hydro-fulphurated 
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water  by  virtus  of  the  fulphureous  acid  it  contains :  oxigcnatcd  muriatic  acid  difcolouri 
this  brown  liquid ;  which,  in  his  opinion,  proves  that  this  colouring  material  refembles 
the  juices  of  vegetables.  The  coaly  fubftance  which  is  feparated  during  the  formation  of 
fulphuric  ether  has  alfo  been  made  an  obje&  of  M.  ProufVs  researches  :  when  dried  it  re- 
fembles lamp  black  (noir  de  fumee)  as  well  in  its  black  colour,  its  brittlenefs,  and 
its  (hining  colour.  If  expofed  to  heat,  it  emits  a  fmell  of  fulphureous  acid  mixed  with 
that  burning  lac.  .  Boiling  water  diflblves  0.24  parts  of  this  fubftance,  alcohol  as  many  as 
Q.44>  and  this  folution  is  not  rendered  turbid  by  water.  Thefe  two  fqlutions  are  proper 
for  the' formation  of  brotrn  dyes  by  means  of  the  muriate  of  tin. 

The  folution  of  the  coaly  fubftance  of  the  ether  in  alcohol  affords,  by  evaporation,  a 
black  friable  and  nearly  infipid  powder,  5.31  grammes  (100  Fr.  grains)  of  this  fubftance 
diftilled  produced  an  aromatic  water,  light  and  empyreumatic  oils,  vegetable  acid  mixed 
with  a  little  fulphuric  acid,  and  carbonated  .oUy  hydrogen  gas,  mixed  with  about  a  third 
of  carbonic  acid.  The  coal  which  remained  in  the  diftUling  veflel  weighed  0.64  grammes 
(12  Fr.  grains)  \  it  left,  sifter  combuftion,  fome.a(hes,  in  which  analyfis  difcovered  the  pre- 
fence  of  lime  and  magnefia.  .  M.  Proud,  indeed,  fufpe&s  that  there  is  a  frnall  quantity  of 
CTtceous  earth  and  alumine  in  it.    Here,  then,  obferves  this  fkilful  chcmift,  we  have  earthy 

* 

aflies,  which  accompany  carbon  even  into  alcohol. 

M.  Prouft  concludes  that  the  principles  of  the.  alcohol  in  forming  ether  by  the  a&ion  of 
the  fulphuric  acid  become  united  in  other  orders,  and  produce  a  fubftance  analogous  to  the 
juices  of  vegetables,  Gnce,  during  the  fummer,  it  is  covered  with  mouldinefe  like  <  a 
vegetable  deco&ion.      ' 

M.  Prouft  alfo  difcovered  that,  during  the  diftillation  of  phofphorus,  a  combination  pf 
this  fubftance  with  charcoal  is  conftantly  formed,  and  that  it  is  this  combination  which 
remains  in  the  chamois  leather  after  phofphorus  has  been  pafled  through  it  for  its  purifica- 
tion, after  the  manner  of  Pelletier.  It  is  of  a  red  colour,  and  does  not  .melt  like  pure  phof- 
phorus. If  it  be  diftilled  by  a  gentle  heat,  a  portion  of  phofphorus  U\  feparated,  which 
exceeded  the  point  of  faturation;  but  the  true  combination  is  not  decompofed,.  ttnlefs  the 
degree  of  heat.be  confidertbly  augmented.  When  the  vefiels  become  cool,  a  powder-,  re- 
mains of  lively  orange  red,  light,  floculent,  and  very  homogeneous  through  its  'whole  mafs  . 
M.  Prouft  confidcrs  this  produft  .fcs'^n  intimate  union  of  carbon  and  phofphorufv 
The  following  are  fome.  of  its  properties  which  he  de  (bribes.  .  If,  whilft  it  isftill  in  the. 
retort,  the  temperature  be  fufficiemly  raifed  to  ignite  the  bottom,  a  frefh  quantity  of 
phofphorus  is  fublimed,  and  the  refidue  is  then  mere  coal.  It  burns  rapidly  when  placed 
upon  a  plate  of  hot  metal ;  but  the  coal,  by  imbibing  phofphoric  dctd,*  eludes  the  com- 
buftion. Byexpofureto  the  air,  it  foon  lofes  this  difpofition-  to'  take  fire,  and  may  then 
be  preferved  without  any  danger.  It  is  without  fmell  or  taftq.  It  is  this  combination* 
according  co  M.  Prouft,  which  forms  the  red  refidues  which  remain  without  alteration  in 
the  apparatus  in  which  phofphorus  is  prepared.  Its  properties  ferve  to  explain  the  origin 
$f  a  Wack  powder  which  fome.  chemiftf  ,have  obferved  in  phofphorus*    There  cannot  be  a 
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ftronger  proof,  continues  M.  Proud,  that  the  phofphuret  of  carbon  it  a 
formed  by  virtue  of  the  laws  of  affinity,  than  ita  unchahgeablenefs  by  the  folution  of  cauftic 
pot-a(h,  even  with  the  afliftance  of  heat.  Time  did  not  permit  the  author  to  determine  die 
proportions  of  the  elements  of  the  phofphuret  *>f  carbon.  He  promifes  a  plentiful  hanreft 
of  new  fafts  to  thofe  whojnay  be  difpofed  to  purfue  this  fubjcft,  and  follow  its  combina- 
tions with  metals  and  other  cornbuftible  bodies. 

Qn  this  occafion  M.  Prouft  corre&s  or  recalls  an  opinion  which  was  given  in  the 
Journal  dos  Mines,  refpe&ing  the  fmell  of  hydrogen  gas  which  becomes  unengaged  during 
the  folution  of  certain  kinds  of  caft  iron  and  fteel  in  acids.  He  conceives  that  it  is 
owing  to  the  prefence  of  an  eflential  oil  rather  than  to  that  of  phofpSioros,  as  had  been 
fufpe&ed.  He  gives  the  following  observations  in  fupport  of  his  prefent  notion:  i°. 
The  neck  of  the  matrafies,  retort6,  and  receivers,  in  which  the  inflammable  gas  is  pre- 
pared, are  greafed  with  little  drops  of  this  oil.  -2°.  If  15  ounces  of  black  crude  iron  be 
diflblved  in  falphuric  or  muriatic  acid,,  drops  of  oil  are  obferved  floating  on  the  water  of 
the  receiver-  3*.  If  the  wafted  carburets,  which  are  obtained  from  crude  iron,  be  gently 
Aiftjllcd,  water  comes  over  along  with  an  oil  of  the  fame  fmell}  and  alcohol,  in  which 
fiich  crude  iron  has  been  macerated  (in  powder)  becomes  white  on  the  addition  of  water* 
M.  Prouft  chinkj  that  if  the  inflammable  gas,  which  is  obtained  from  crude  iron,'  were 
carefully  examined,  it  would  be  found  to  hold  oil  in  folution,  and  that  it  is  this  fubftance 
which  gives  it  its  fetid  fmell.  If  the  fa&  be  accurately  fo,  of  which  we  have  no  doubt,  it 
k,  as  M.  Prouft  obfarves,  a  grand  ftep  towards  the  explanation  of  the  phenomena  of 
vegetation,  and  the  underftanding  the  tranfition  of  mineral  fubftances  into  vegetable 
produces. 

M.  Prouft  thence  pafles  to  the  examination  of  the  native  of  the  iron  of  Peru.  Tins 
fpecies  of  iron,  which  has  been  noticed  by  Rubin  de  Celis,  is  of  a  greyifli  white  colour* 
It  bears  a  rather  ftrong  refemblance  to  certain  native  Givers,  for  which  it  was  for  feme 
time  miftaken.  It  poflefles  a  confiderable  degree  of  du&ility,  does  not  ruft  like  common 
iron,  and  has  nearly  the  fame  habitude  under  the  file; 

5,31  grammes  (loo  grains)  of  this  iron,  diflblved  in  fulpfauric  acid,  only  afforded  3520 
centimetres  (176  Fr.  inches)  of  hydrogen  gas;  whilft  the  fame  quantity  of  common  iron 
wire  gave  300  inches.  At  the  commencement  of  the  folution,  a  fmall  quantity  of  car- 
bonate of  iron  was  feparated,  which  difappeared  towards  the  end. 

The  colour  of  the  folution,  which  was  much  greener  than  ufual,  led  M.  Prouft  to  fuf- 
pe&  that  there  was  copper,  in  this  iron ;  but  fulphurated  hydrogen  not  having  precipitated' 
any  thing,  and  the  liquid  having  preferred  the  fame  colour  as  before,  it  appeared  to  him 
that  no  other  fubftance  but  nickel  could  produce  thefe  effe&s.  In  order  to  have  a  certain 
proof  -of  this,  he  oxided  the  iron  ftrongly  by  means  of  nitric  acid,' and  afterwards  pre* 
cipkated  it  by  the  gradual  addition  of  pot-afh.  *  The  iron  being  thus  feparated,  the  green 
colour  of  the  liquid  afliimed  a  greater  degree  of  intenfity,  and  by  completing  the  pre* 
tipkation,  after  filtering,  he  ^obtained  a  filhftaace  which,  with  furphuric  acid,  yielded 
3  fiilohalfr 
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AUphate  of  nickel.  This  tftethod  of  analyfis,  which  M.  Prooft  baa  indicated,  in  combina- 
tion with  the  ufc  of  fulphuratcd  hydrogen,  was  found  by  him  to  bp  equally  fiicccfsful  in 
the  complete  reparation  of  nickel  from  iron,  arfenic,  and  copper,  which  are  almoft  always 
met  with  in  the  ores  of  this  metal. 

The  native  iron  of  Peru  is  therefore,  according  to  the  experiments  made  by  M.  Prouft, 
an  alloy  of  iron  and  nickel ;  a  new  difcovery  of  the  mod  interefting  nature.  The  prefence 
of  nickel  in  this  alloy,  obferves  the  author,  appears  to  announce  that  it  is  the  produ&  of  art ; 
but  when  it  is  confidered  that  there  exifts  a  mafs  of  more  than  1363  myriagrams  (300. 
quintals)  in  a  plain  of  more  than  100  leagues  in  circumference,  where  there  is  neither 
mountain  nor  water,  rfor  fcarcely  a  (lone  is  to  be  found,  the  difficulty  of  the  problem  (till 
remains  in  all  its  force.  Laftly,  adds  M.  Prouft,  if  the  power  of  uniting  thefc  metals  in 
fuitable  proportions  can  be  obtained  by  metallurgifts,  they  will  have  obtained,  an  alloy  which 
will  pofiefs  many  advantages  over  other  iron,  and  more  particularly  that  of  not  being  liable 
to  ruft. 

M.  Prouft's  memoir  is  concluded  with  fome  detached  fads,  as  well  on  animal  as  on 
mineral  fubftances.  ift.  A  myriagram  (20  Fr.  pounds)  of  beef,  of  which  25  hecotograms 
(5  pounds)  were  bone,  produced  only  one  pound  of  common  brown  extraft,  which  was 
elaftic,  and  of  a  tafte  fimilar  to  concentrated  or  very  ftrong  foup.  It  would  be  impoffible 
to  convert  this  extra&  into  portable  paftels  without  the  addition  of  a  rather  large  quantity 
of  the  jelly  of  bones.  Whenever  beef  is  boiled  in  filver,  this  metal  becomes  black,  as  is  the 
cafe  when  it  is  ufed  for  the  boiling  of  whey,  frefh  urine,  &c.  76  he&ograms  ( 15  Fr.  pounds) 
of  meat  were  reduced,  by  boiling,  to  ten  pounds  i  but  the  bones  loft  none  of  their  weight  : 
whence  it  follows,  that  in  order  to  extra£t  as  much  nutriment  a*  is  poffible  from  thefe 
fubftances  they  muft  be  broken  to  pieces* 

The  frefh  deco&ion  of  flefh  is  acid,  and  reddens  the  tin&ure  of  tumble.  The  acid; 
which  k  contains  appears  to  be  the  phofphoric  j  for  lime  water  and  ammoniac  form  a  rather 
abundant  precipitate  with  it.  Alcohol  diflblves  a  portion  of  the  eztradk  of  flefh,  and  this, 
part  being  extremely  fait,  M.  Prouft  fufpe&ed  the  prefence  of  muriate  of  ammoniac ;  but 
lime  in  powder  not  having  fcparated  any  ammoniac,  he  mixed  a  fetation  of  plattna  with 
it,  which  immediately  furnifhed  him  with  muriate  of  platina  and  pot-a(h.  Tie  deco&ion* 
therefore,  contains  muriate  of  pot-afh  in  abundance.  M.  Prouft  bad  not  time  to  examine 
the  other  falts  contained  in  die  decodion,  nor  the  fubftance  foluble  in  alcohol ;.  and  he» 
with  rcafon,  complains  that  a  fubftance  fo  necpflary  for  the  nourifhment  of  mankind,  has 
not  been  made  the  obje£fc  of  ferious  chemical  refearc*\ 

He  made  fome  trials  upon  the  pyrites  of  the  Incas>  to  difcover  if  it  did  not  contain  gold 
or  fome  other  fubftance  which  might  ferve  to  explain  the  caufe  of  the  pale  colour  which 
diftinguifhes  it.  He  only  obtained,  as  the  refidue  of  his  fohztion,  a  black  powder  mixed 
with  fond.    This  powder  was  coal,  which  caufed  a  ftrong  detonation  with  nitre. 

It  has  been  thought,  and  it  is  ftill  generally  fuppofed,  that  the  black  duft  which  is  depoGted 
during  the  folutio*  of  line  in  acids  is  carburet  of  iron  i  but  M.  Protoft  found  that  it  was; 
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a  mixture  of  arfenic,  copper,  and  lead  which  the  difoxidating  a&ion  <tf  the  zinc  precipitates  ih 
the  metallic  ftate.  This  alfo  happens  to  thefe  metals  when  a  folution  is  made  of  tin  with  which 
they  are  alloyed.  Arfenical  lead,  fuch  as  is  made  ufe  of  at  the  mines  of  Limares  for  the  making 
fmall  (hot,  depofit  on  the  immerfion  of  a  (heet  of  lead,,  part  of  the  metallic  arfcnic  they  coo- 
-  rained.  Thefe  are  not  the  only  metals  which  adulterate  the  purity  of  the  zinc*  Iron  and 
tnanganefe  are  fometimes  found  in  great  quantities:  whence  it  is  not  furprizing  (hat  the 
art  of  watch- making  has  fo  much  reafon  to  complain  of  the  bad  qualities  of  brafs  made  in  the 
common  way.  The  following  fa£ts  will  (hew  the  enormous  difference  between  purified 
zinc,  and  that  of  commerce.  To  purify  zinc,  Mr.  Prouft  propofes  diftilling  it  in  a 
done  retort,  the  neck  of  which  muft  be  inclined  at  leafj  45  degrees,  that  the  metal  may 
flow  with  greater  eafe  as  foon  as  it  becomes  volatalized.  A  mixture  of  fand,  and  of  the 
oxides  of  iron,  lead,  copper,  and  zinc  remain  in  the  retort,  the  oxidation  of  which  is  attri- 
buted by  M.  Protfft  to  the  porofity  of  the  veffels. 

The  zinc  thus  purified  does  not  differ  either  in  colour  or  in  weight  from  the  zinc  of 
commerce :  55  decigrams  ( ioo  Fr.  grains)  of  the  latter  yield  by  folution  in  fulphuric  acid; 
inlefs  than  hour,  3440  centimetres  (from  172  to  174  Fr.  inches)  of  hydrogen  gas;  whereas 
more  than  8  days  are  requifite  to  obtain  the  fame  refult  from  diftilled  zinc;  This  is  the 
difference  which  M.  Prouft  obferved  between  the  two  metals.  The  black  matter  which 
feparates  from  the  zinc,  duting  its  folution  in  fulphuric  acid,  is  foluble  in  nitric  acid ;  and 
its  folution  on  the  addition  of  hydro-fulphurated  water  affords  arfenic;  and  if  that  arfenic 
had  been  mixed  with  copper  or  lead,  the  fame  re-agent  would  have  equally  difcovered  it. 
For  by  adding  it  gradually  to  the  folution  of  thofe  three  metals,  the  copper  is  feen  to  preci- 
pitate itfelf  firft  of  a  brown  colour  the  lead,  the  next  of  a  black  colour,  and  the  arfenic 
lad  of  a  yellow  colour ;  and  by  a  careful  management  they  may  be  feparated  by  fil- 
tration. 

M.  Prouft  juftly  confiders  the  purification  of  zinc  by  fulphur  as  an  abfolute  deception. 
;  55  decigrams  (100  Fr.  grains)  of  zinc,  diffolved  in  nitric  acid,  leave,  after  the  decompo- 
fition  of  the  nitre  by  fire,  69  decigrams  (from  125  to  ia6  Fr.  grains)  of  oxide  of  a  light 
yellow  colour.  A  folution  of  the  fame  quantity  of  zinc,  decompofed  by  carbonate  of  pot- 
afhf  furnifhed  99  decigrams  (180  Fr.  grains)  of  carbonate  of  zinc,  which  alfo  left  125  grains 
of  oxide  after  calcination. 

The  folution  of  this  metal  by  fulphuric  acid  gave  the  fame  refults ;  which  proves  that 
zinc,  in  all  cafes,  combines  itfelf  with  a  fpecific  quantity  of  oxygen.  M.  Prouft  obferves 
how  lingular  it  is  that  copper  and  zinc,  which  attraQ  the  oxygen  with  fuch  different  degrees 
of  ftrength,  fhould,  nevertheless,  in  their  combination  with  acids,  abforb  exafily  the  fame 
proportion  of  this  principle. 

M.  Prouft,  in  the  next  place,  propofes  the  following  formula  to  feparate  zinc  from  cop- 
per. Suppofe  the  fame  folvent  to  contain  lead,  copper,  and  zinc.  Sulphate  of  pot-afh  will 
precipitate  the  lead,  if  the  (nitric)  folution  does  not  contain  too  much  acid.  Hepatic  water 
feparates  the  copper  a  long  time  before  the  zinc.    The  filtered  liquid  may  be  examined  by 
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fulphurated  hydrogen.  When  it  no  longer  becomes  coloured,  a  greater  quantity  of  hydror 
fulphurated  water  muft  be  added  to  it,  when  the  zinc  will  in  its  turn  fall  down  of  a. light 
yellow  colour.  If  there  had  been  iron,  cobalt,  nickel,  or  manganefe  in  the  folution  none  of 
them  would  have  been  precipitated  by  this  re-agent. 

From  the  preceding  experiments  on  zinc,  M.  Prouft  draws  the  following  conclusions, 
i ft.  In  whatever  acid  this  metal  be  diflblved,  it  conftantly  abforbs  the  fame  quantity  of  oxy- 
gen. 2d.  If- it  contain  metals  capable  of  fuperoxydation,:  they  pafs* to  this  (late  when  the. 
folution  has  been  effected  either  by  nitric  or  oxygenated  muriatic  acid.  3.  In  a  muriatic 
or  fulphuric  folution  this  metal  is  as  much  oxided  as  it  can  be,  but  iron  on  the  contrary 
is  only  at  its  minimum  ;  and  this  is  the  reafon  why  this  folution  does  not  become  coloured 
with  gallic  acid,  unlefs  it  has  been  expofed  to  the  air.  4th.  To  demonstrate  the  prefence  of 
iron  fome  drops  of  oxygenated  muriatic  acid  muft  be  added,  or  it  may  be  boiled  with  a  fmall 
quantity  of  nitrous  acid.  5.  The  carbonate,  which  is  very  white  whilft  under  water,  be- 
comes yellow  as  foon  as  it  is  brought  into  the  air,  becanfe  the  iron  pafles  quickly  to  the 
maximum  of  oxidation.  6th.  Sulphate  of  zinc,  which  has  had  time  to  abforb  in  the  at- 
mofphere  as  much  oxygen  as  is  neccflary  to  elevate  the  iron  to  its  maximum,  immediately 
affords  yellow  carbonate  of  zinc.  7.  Zinc,  which  is  purified  by  diftillation,  or  by  the 
following  humid  procefs,  is  alone  proper  to  afford  the  true  zinc-white  for  painting. 

Repeated  criftallization  of  the  fulphate  of  zinc,  and  immerfion  of  plates  of  this  me&l 
into  its  folution  appeared  to  M.  Prouft,  to  be  very  inefficient  means  to  feparate  the  foreign 
metals.  To  accomplifh  this  objeft,  30.57  grams  (one  Fr.  ounce)  of  nitric  acid  are  put  into 
about  2  pounds  of  the  faturated  folution  of  fulphate  of  zinc,  and  the  mixture  flightly  boiled. 
Pot-afh  is  then  mixed  with  it  to  faturate  the  excefs  of  acid,  and  to  precipitate  nearly 
ijj.28  grams  (3  or  4gros)  of  the  matter j  this  mixture  is  boiled  again,  and  the  precipitate 
is  foon  obferved  to  pafs  from  white  to  yellow.  If  after  fome  minutes  of  cbulkion  fome 
white  particles  are  remarked  amongft  the  yellow  depofit,  it  is  a  certain  fign  that  not  in  atom 
of  iron  remains  in  the  folution  of  zinc.  But  if  by  this  method  the  iron  has  been  entirely 
feparated  from  the  zinc,  manganefe  may  yet  be  prefent,  if  any  portion  exifted  in  the  pre ; 
and  M.  Prouft  has  frequently  met  with  it. 

To  clear  it  of  this  new  oxide  the  fulphate-  of  zinc  is  diflblved  in  boiling  water,  and  preci- 
pitated by  carbonate  of  pot-afh,  ft>  as  ftill  to  leave  a  fmall  quantity  of  oxide  of  zinc  in  folution* 
The  depofit  is  kept  feveral  days  in  the  liquor,  in  order  that  the  oxide  of  manganefe,  which 
has  been  precipitated,  being  more  ftrongly  attra&ed  by  the  acid  than  the  oxide  of  zinc,  may 
precipitate  that  portion  of  the  latter  which  had  been  left  in  the  fluid,  and  become  diflblved 
in  its  place.     Then  the  fulphate  of  zinc  affords  an  oxide  of  the  moft  perfect  whitenefs  whic& 

* 

may  be  employed,  very  advantageoufly,  for  painting. 

Thefe  are  the  fafts  contained  in  M.  Prouft's  Memoir.  They  arc  numerous  and  interefU 
ing.  Some  of  them  are  new  to  us;  the  moft  part,  though  already  known,  are  prefentcd 
under  new  relations  and  rendered  applicable  to  the  arts.  The  experiments,  by  the  help  of 
which  he  has  difcovered  thefe  fads,  are  ingenious.     His  explanations,  though  concife, 
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appear  to  toft  to  be  clear,  and  deduced  immediately  from  the  refults  of  the  experiments.  They 
may  therefore  tend  to  the  advancement  of  philofophical  chemiftry,  and  to  the  perfection  of 
the  arts  and  manufa&ures.  Wc,  consequently,  recommend  to  the  daft  (of  the  national 
inftitute)  to  order  them  to  be  printed  in  the  volumes  which  it  propofts  to  publiflu  Wc, 
cannot,  however,  agree  with  M.  Proud  in  feme  points,  ift.  That  nickel,  cobalt,  and 
manganefe  are  not  precipitated  by  fulphurated  hydrogen,  a.  That  the  black  daft,  which 
feparates  during  the  fetation  of  zinc,  does  not  contain  carburet  of  iron.  3d.  That  zinc  is 
feparated  from  arfenic  by  dift illation.  The  contrary,  is  fo  well  known  by  chemifts,  that  it 
requires  no  proof. 


v. 

Experiments  on  the  foUr  and  an  the  terrefirial  Rays  tkat.occafion  Beat;  with  a  comparative 
View  of  the  Laws  to  which  Light  and  Heat,  or  rather  the  Rays  which  occqfion  them,  arefub- 
jed,  in  order  to  determine  whether  they  are  thejameor  different.    By  William.  Herschel, 
LL.D.  F.R.S*. 


<_ 


T, 


HE  wefrd  heat  is  moft  commonly  ufed  to  denote  a  certain  well  known  fenfation.  It  is  alfo 
employed  to  figntfy  the  caufe  of  that  fenfation,  as  well  by  the  vulgar  as  by  men  of  fcience : 
feme  of  whom  have  added  certain  diftin &ive  terms,  fuch  as  latent,  abfelute,  fenfible,  radiant, 
while  others  have  treated  of  the  matter  of  heat,  and  caloric.  Dr.  Herfchel  has  not  thought 
fit  to  adopt  any  of  -thefe  terms  in  his  Memoir,  but  has  chofen  to  treat  of  the  rajs  that  occqfion 
beat ;  not  meaning  either  to  (late  that  thefe  rays  are  heat,  or  the  manner  in  which  they  pro- 
duce it.  In  his  prefatory  obfervations  ly  alfo  in  efie£t  remarks  that  his  prefent  refearch  is 
confined  to  the  agency  of  heat  in  its  ftate  of  radiance ;  without  entering  into  any  confident 
tions  refpe&ing  the  general  nature  of  heat  itfelf,  whether  it  be  matter  or  modification,  or 
of  radiance,  whether  it  be  the  proje&ion  of  particles,  the  undulation  of  a  fluid,  or  any  other 
habitude  or  thing. 

His  fubje&  is  reduced  to  three  general  heads :  the  firft  relates  to  4he  heat  of  luminous 
bodies  in  general  as  it  comes  dire&ly  from  the  fun,  or  from  the  terreftrial  flames  of  torches, 
candles,  lamps,  blue  lights,  &c— the  fecond  includes  the  heat  of  coloured  radiants  as  from 
die  fun,  when  its  rays  are  feparated  by  the  prifm,  or  from  culinary  fires  openly  expofed  ;«— 
and  the  third  divifion  relates  to  heat  obtained  from  radiants,  where  neither  light  nor  colour 
in  the  rays  can  be  perceived.  This  is  to  be  had  as  before  (hewn  f,  dire&ly  from  the  fun, 
by  means  of  a  prifm  applied  to  its  rays,  and  alfo  from  fires  inclofed  in  ftoves,  or  from  red* 
hot  iron,  cooled,  till  it  can  no  longer  be  feen  in  the  dark. 

*  Abridged  from  the  Phil.  Tranf.  ftr  1S00,  page  393, 
'     f  Phikf.  Journal  IV.  310. 
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Befides  the  foregoing  general  arrangement,  the  author  gives  a  previous  comparative  view 
of  fa£ts  relating  to  light  and  heat  as  follows :  • 

1.  Light,  both  folar  and  terreftrial,  is  a  fenfation  occaGoned  by  rays  emanating  from 
luminous  bodies  which  have  &  power  of  illuminating  objefls ;  arid  according  to  circum- 
ftances  of  making  them  appear  of  various  colours.  2.  Thefe  rays  are  fubje&  to  the  laws 
of  refle&ion.  3.  And  alfo  thofe  of  refra&ion.  4.  They  are  of  different  refrangibility. 
5.  Are  liable  to  be  flopped  in  certain  proportions  when  tranfmitted  through  diaphanous 
bodies.  6.  And  to  be  fcattered  on  rough  furfaces*  7.  And  laftly,  they  have  hitherto  been 
fuppofed  to  have  a  power  of  heating  bodies,  but  this  remains  to  be  examined. 

1.  Heat,  on  the  other  hand  as  well  terreftrial  as  folar,  is  a  fenfation  occafioned  by  rays 
emanating  from  candent  fubftances  which  have  a  power  of  heating  bodies.  Thefe  rays 
have  the  fame  affe&ions  as  have  been  enumerated  in  the  2,  3, 4,  5,  and  6th  divifions  of  the 
la(l  paragraph,  and  7.  They  may  be  fuppofed,  when  in  a  certain  ftate  of  energy,  to  have 
a  power  of  illuminating  obje&s;  but  this  remains  to  be  examined* 

The  paper  before  us  contains  the  firft  part  of  the  experimental  inveftigation  of  the  fubje&. 
under  the  three  firft  heads.  The  three  next,  and  a  difcuffion  which  will  be  brought  on  by 
the  feventh  article,  are  referved  for  the  fecond  part. 

Experiment  1.  RefUtlion  of  the  heat  of  the  fun.  The  fun's  rays  were  received  in  a  tea 
foot  Newtonian  telefcope,  with  a  camera  eye  piece,  with  no  eye  glafs.  By  proper  adjuft- 
ment  the  focus  was  made  to  fall  on  a  fmall  thermometer,  which  was  raifed  58  degrees.  The 
rays,  therefore,  whether  of  light  or  not,  did  occafion  heat- after  three  regular  reflexions* 

Experiment  2.  Refleclion  of  the  heat  of  a  Candle.  At  the.diftance  of  29  inches  from  a 
candle  a  fmall  fteel  mirror,  3, 4  inches  diameter,  and  about  2,  75  inches,  focal  length,  was 
placed.  Two  thermometers  were  difpofed,  one  in  the  fecondary  focus,  and  the  other  very 
near  it,  but  out  of  the  courfe  of  the  reflected  light.  In  five  minutes  that  in  the  focus  role 
3!  degrees,  which  it  loft  again  in  fix  minutes  when  the  candle  was  covered,  and  again  reco- 
vered it  in  five  minutes  when  the  rays  were  fuffered  to  fall  on  the  mirror.  The  other  ther- 
mometer remained  ftationary  throughout. 

Experiment  3.  Reflection  of  the  heat  that  accompanies  the  folar  prifmatic  colours.  The  folar 
fpeftrum  given  by  a  prifm  was  admitted  through  pafteboard  (which  limited  the  vifible 
colours)  upon  the  fteel  mirror.  The  thermometer  in  the  focus  was  raifed  350  in  two 
minutes. 

Experiment  4.  Reflection  of  the  heat  of  a  red  hot  poker*  The  mirror  was  placed  at  the  dif- 
tance  of  12  inches  from  a  red  hot  poker,  and  the  thermometer  placed  in  its  fecondary  focus. 
A  fmall  pafteboard  fcreen  was  placed  to  guard  the  thermometer  frpm  the  direft  heat.  In 
one  minute  and  a  half  it  rofe  38!%  and  fell  280  in  the  next  minute  and  a  half,  when  the 
mirror  was  covered. 

Experimctit  5.  Refleclion  of  the  heat  of  a  coal  fire  by  a  plain  mirror.  A  fmall  fpeculum 
(PI.  XVI.  fig.  i.),  fuch  as  the  Do<3or  ufes  with  his  feven  feet  refle&ors  was  placed  upon 
a  ftand,  fo  as  to  make  an  angle  of  450  with  the  front  of  it,  and  consequently  with  the  bars 
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t>t  a  grate  oppofite  which  it  was  placed.  At  a  diftance  of  3'  inches  from  the  fptcqlum,  on 
the  reflefting  fide  of  it,  was  placed  a  thermometer* 'and  another  clofe  by  it  out  of  the 
courfe  of  the  refle&ed  rays.  The  whole  was  guarded  in  front  againft  the  influence  of  the 
fire  by  an  oaken  board,  if  inch  thick,  in  which  was  a  circular  opening  of  i£  inch  diameter! 
oppofite  the  plain  mirror,  to  permit  the  fire  to  fhinc  upon  it.  There  was  alfo  a  wooden 
partition  between  the  mirror  and  the  thermometers  in  which  was  a  hole  that  allowed  the 
rays  to  fall  on  the  firft  mentioned  thermometer,  but  prevented  their  accefs  to  the  latter. 
When  this  apparatus  was  eipofcd  to  the  fire  the  firft  thermometer  tofe  7  degrees  in  five 
,  minutes,  while  the  other  indicated  a  change  in  the  temperature  of  the  place,  amounting  to 
no  more  than  half  a  degree. 

Experiment  6.  Refleclkn  of  five-heat  by  a  prifm*  When  the  laft  described  experiment  was 
repeated  by  fubftituting  in  (lead  of  the  minor  a  prifm  whofe  angles  yrerq  900 ;  45°;  and  45  °, 
fo  placed  that  the  radiation  from  the  fire  fliould  pafs  through  one  fide,  and  make  its 
incidence  on  the  Lypothenufe  within  the  prifm,  the  rife  was  4?  degrees  in  1 1  minutes*  but 
the  temperature  of  the  place,  as  (hewn  by  the  other  thermometer,  having  been  raifed  ij  de- 
grees in  the  fame  time,  the  effc£t  of  the  refle&ion  was  only  2|  degrees. 

Experiment  7.  Reflection  of  invifible  filar  beat.  On  a  board  of  about  4  feet,  6  inches 
long,  a  fmall  plain  mirror  was  fixed  at  one  end,  and  at  the  other,  two  thermometers,  as 
Ihewn  in  fig.  a.  FK  XVI.  where  for  the  convenience  of  infertion  the  board  is  represented 
as  broken.  The  diftance  of  one  thermometer  from  the  face  of  the  mirror  was  3  feet  9$ 
inches;  and  the  other  thermometer  was  put  at  the  fide  of  it  facing  the  fame  way,  but  out 
fcf  the  courfe  of  the  rays,  that  were  to  be  reflected  from  the  mirror.  The  colours  of  flie 
prifm  were  thrown  on  a  fheet  of  paper,  having  parallel  lines  drawn  upon  it  at  half  an  inch 
from  each  other.  The  mirror  was  Rationed  upon  the  paper;  and  was  adjufted  in  fuch  a 
manner  as  to  prefect  its  poliftied  furface  in  angle  of  45  °,  to  the  incident  coloured  rays,  by 
which  tneans  they  would  be  reflected  towards  the  ball  of  die  firft  mentioned  thermometer, 
fn  this  arrangement  the  whole  apparatus  might  be  withdrawn  from  the  colours  to  liny  re- 
quired diftance,  by  attending  to  the  laft  vifible  red  colour,  as  h  (hewed  itfelf  on  the  lines  of 
the  paper.  When  the  thermometers  were  properly  fettled  to  the  temperature  of  their  fitvation, 
during  which  time  the  mirror  had  been  covered,  the  apparatus  was  drawn  gently  away  from 
the  colours  (b  far  as  to  caufe  the  mirror,  which  was  now  open,  So  receive  only  the  invifible 
rays  of  heat  which  lie  beyond  the  confines  of  the  red.  The  refult  was,  that  in  ten  minutes 
the  firft  thermometer  received  four  -degrees  of  heat  refie&ed  to  it  in  the  ftri&eft  optical 
tnanner,  and  the  great  regularity  with  which  thefe  invifible  rays  obeyed  the  law  of  refle&ion 
was  fuch  that  the  very  fenfible  thermometer,  which  was  chofen  as  a  ftandard,  and  was 
within  an  inch  of  the  other,  remained  all  the  time  without  die  leaft  indication  of  any  change. 
The  mirror  was  then  taken  away,  and  in  ten  minutes  the  meafuring  thermometer  again  loft 
the  heat  it  had  required.  This  therefore^  as  the  Oo&or  obferves,  is  a  moft  decifive  experiment 
in  proof  of  the  exigence  of  invifible  retjs}  if  their  bring fubje&  to  the  l*<ws  <f  refUfiion,  and  aftbtir 
power  of  QCtafioning  beat. 
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Experiment  8.  Refic&ion  and  condenfation  of  the  invifible  folar  rays.  The  (mail  fteel  mir- 
ror before  defcribed  was  by  a  fukable  apparatus  placed  to  receive  the  rays  of  the  prifmatio 
folar  fpe&rum  perpendicularly  to  its  diameter  or  fubtenfe.    Half  the  mirror  was  covered  •>$. 

by  a  femicircular  pafteboard  with  lines  drawn  thereon  parallel  to  the  diameter,  by  means  of  f[-% " 

which  the  laft  vifible  red  might  be  made  to  fall  at  any  required  diftance  from  the  uncovered 
portion  of  the  fpcculum.  The  thermometer  was  placed  in  the  focus,  and  the  whole  furfact 
of  the  mirror  kept  covered  till  the  inftrument  became  ftationary  at  the  temperature  of  the 
place.  At  this  period  the  apparatus  was  moved  till  the  laft  vifible  red  fell  op  the  graduated 
pafteboard  at  the  diftance  of  one-tenth  of  ait  inch  from  its  diametrical  edge,  when  the  other 
part  of  the  refle£Ung  furface  being  uncovered  for  the  admiflion  of  the  invifible  rays,  the 
thermometer  in  one  minute  was  raifed  19  degrees.  The  mirror  was  then  again  covered, 
and  in  3  minutes  the  thermometer  fell  16  degrees.— Again,  the  mirror  was  opened)  and  in 
2  minutes  the  thermometer  rofe  24  degrees.  And  on  covering  the  mirror  once  more,  in  one 
minute  the  thermometer  fell  19  degrees. 

By  this  alternate  rifing  and  falling  our  author  obferves,  that  there  are  three  points  clearly 
afcertained.  Firft,  that  there  are  invifible  rays  of  the  fun.  Secondly,  that  thefe  rays  are 
not  only  reflexible  in  the  manner  proved  in  the  foregoing  experiment,  but  that  by  the  ftrift 
laws  of  refie&ion  they  are  capable  of  being  condenfed.  And  thirdly,  that  by  this  condenf** 
tion  their  heat  is  proportionally  increafed.  ' 

Experiment  9*  Reflexion  of  invifible  culinary  beat.  The  fteel  mirror  was  fixed  upon  a 
fmall  board,  and  before  it  was  a  wooden  fcreen,  half  an  inch  thick,  which  was  of  an  height 
to  intercept  the  rays  which  might  elfe  have  fallen  on  the  lower  half  of  the  mirror.  Behind 
this  fcreen  were  placed  two  thermometers  ;  one  of  which  was  in  the  axis  of  the  mirror,  and 
the  other,  which  was  near  it,  was  fcreened  on  the  fide  towards  the  mirror,  by  a  fauli  flip 
of  pafteboard  tied  to  the  fcale.  This  apparatus  being  duly  placed  oppofite  a  clofe  ftoye* 
well  heated,  the  invifible  rays  reflected  from  the  mirror  raifed  the  thermometer  in  its 
axis  39  degrees  in  one.  minute,  while  the  other,  which  had  cxa&ly  the  fame  expofure  to  the 
ftove,  but  was  defended  from  the  reflected  rays  of  the  mirror,  rofe  only  one  degree* 

Experiment  10.  Reflection  of  the  invifible  rays  of  heat  of  a  poker  cooled  from  being  red-hot  till 
it  could  no  longer  be  Jeen  in  a  dart  place.  A  poke/  of  a  proper  black  heat  was  placed  at  the 
diftance  of  12  inches  from  the  fteel  mirror,  and  the  effefi  of  its  condenfed  rays  was  received 
upon  the  thermometer  placed  in  the  focus.  The  mirror  was  uncovered  and  covered  alter- 
nately, one  minute  at  a  time,  for  fix  minutes,  and  the  alternations  were,  rife  7  °  j  fall  70  & 
rife  30  j  fall  50  ;  rife  2*° ;  fall  6\°. 

Dr.  Herfchell  concludes  his  narration  of  fa£ts  concerning  reflected  heat  with  the  follow- 
ing remarks: 

"  From  thefe  experiments  it  is  now  fufiiciently  evident,  that  in  every  fuppofed  cafe  of 
"  folar  and  terreftrial  heatj  we  have  traced  out  rays  that  are  fubjeft  to  the  regular  law* 
"  of  reflection,  and  are  inverted  with  a  power  of  heating  bodies ;  and  this  independent  of 
u  light.    For  though,  in  four  cafes  out  of  fix,  we  had  illuminating  as  well, as  heating  fays, 
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<c  it  is  be  noticed  that  our  proof  goes  only  to  the  power  of  occafionlng  he^t,  which  has  been 
"  ftri&ly  afcertained  by  the  thermometer*  If  it  fhould  be  faid  that  the  power  of  illuminating 
"  obje&s,  of  thefe  fame  rays,  is  as  ftriftly  proved  by  the  fame  experiments,  I  mud  .remark 
"  that  from  the  cafes  of  invifiblc  rays  brought  forward  in  the  four  laft  experiments,  it  is 
"  evident  that  the  concluGon  that  rays  mud  have  illuminating  power,  becaufe  they  have  a 
"  power  of  occafioning  heat,  is  erroneous ;  and,  as  this  muft  bo  admitted,  we  have  a  right 
"  to  afk  for  fome  proof  of  the  aflertion,  that  rays  which  occaGon  heat  can  ever  become  vi- 
((  fiblc.  But,  as  we  (hall  have  an  opportunity  to  fay  more  of  this  hereafter,  I  proceed  now 
"  to  inveftigate  the  refraction  of  heat-making  rays/' 


Experiment  11.  RefraBion  of  folar  heat.  The  fun's  light  was  received  in  a  new  ten  feet 
Newtonian  telefcope ;  the  mirror  of  which  has  24  inches  in  diameter  of  polifhed  furface. 
The  rays  were  made  to  pafs  through  a  day-piece  with  four  lenfes,  and  thence  to  the  ball  of  the 
thermometer  placed  in  their  focus.  As  foon  as  the  rays  were  brought  to  the  thermometer 
it  rofe  almoft  inftantly  through  70°,  when  the  telefcope  was  turned  away  to  avoid  the  dan- 
ger of  cracking  the  glafTes.  Here  the  rays  which  occaGoned  this  fudden  augmentation 
6f  heat  had  undergone  eight  fucceffive  rcfraftiops,  fo  that  their  being  fubjeft  to  its  laws 
cannot  be  doubted. 

Experiment  12.  RefraBion  of  the  heat  of  a  candle.  A  lens  of  about  1.4  inch  focus,  and 
1.1  diameter,  mounted  on  a  fmall  fupport  was  placed  at  the  diftance  of  2.8  inches  from  a 
caudle,  and  a  thermometer  was  very  carefully  placed  in  the  fecondary  focus  of  the  candle 
behind  the  lens.  Not  far  from  the  lens  towards  the  candle  was  a  pafteboard  fcreen  with  an 
aperture  of  nearly  the  fame  fize  as  the  lens ;  and  the  lens  itfelf  was  fupported  on  an  ec- 
centric pivot,  fo  that  it  could  be  turned  away  from  its  place  and  reftored  at  pleafure.  This 
arrangement  being  made,  the  thermometer  was  for  a  few  moments  expofed  to  the  rays  of 
the  candle  till  it  had  aflumed  the  temperature  of  its  Gtuation.  Then  the  lens  was  turocd 
on  its  pivot,  fo  as  to  intercept  the  dire&  rays  which  paflcd  through  the  opening  in  the  pafte- 
board fcreen,  and  to  refra&  them  to  the  focus  in  which  the  thermometer  was  placed.  In 
three  minutes  the  thermometer  received  2|  degrees  of  heat  by  the  refra&ion  of  the  lens, 
which  it  again  loft  in  the  fame  time  when  the  lens  was  turned  away,  and  in  three  minutes 
more  the  fame  increafe  of  heat  was  produced  by  replacing  the  lens  in  its  Gtuation.  A  greater 
effett  could  be  produced  by  a  different  arragement  of  the  diftances.  Thus  when  the  lens 
was  placed  at  3?  inches  diftance  from  a  wax  candle,  the  thermometer  in  the  fecondary 
focus  was  raifed  from  5  to  8  degrees,  according  to  the  burning  of  the  candle  and  the  accu- 
racy of  the  adjuftment.' 

Experiment  13.  RefraBion  of  the  heat  that  accompanies  the  coloured  part  of  the  prifmatic  [pec- 
trim.  Hie  coloured  part  of  the  prifmatic  folar  fpe&rum  being  admitted  through  a  perfo- 
rated fcreen  of  pafteboard,  upon  a  burning  glafs,  raifed  the  temperature  of  a  thermometer 
112  degrees  in  one  minute. 

Experiment 
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Experiment  14.  Refraclion  of  the  beat  of  a  chimney  fire.  The  fame  burning  glafs  which 
is  nearly  9  inches  in  diameter  was  placed  before  the  clear  fire  of  a  large  grate,  at  the  diftance 
of  3  feet  from  the  bars,  and  a  thermometer  was  placed  in  the  fecondary  focus.  Another 
thermometer  was  alfo  placed  behind  a  wooden  fcreen  at  the  fame  diftance  from  the  fire. 
The  fituation  of  the  feveral  parts  of  the  apparatus  being  thus  adjufted  the  thermometers 
were  taken  away  to  be  cooled,  and  then  reftored  to  their  places.  The  ftandard  thermome- 
ter in  the  courfe  of  the  firft  feven  minutes  acquired  a  heat  of  3^  degrees,  after  which  it 
remained  fteady  for  the  fubfequent  32  minutes  duration  of  the  experiment.  The  other 
thermometer  was  treated  in  the  fame  manner  as  that  which  received  the  refra&ed  heat  from 
a  candle  in  experiment  12;  that  is  to  fay,  the  lens  was  alternately  placed  and  removed, 
and  the  variations  were— rife  in  the  firft  9  minutes,  9^  degrees  ;  in  the  next  5  minutes, 
before  the  uncondenfed  rays  of  the  fire,  fall  2^  degrees; — in  the  next  10  minutes  rife  i| 
degrees ;  in  the  next  5^  minutes,  fall  3  degrees ;  and  in  the  next  4^  minutes,  rife  1^ 
degrees. — So  that  in  the  courfe  of  35  minutes,  the  thermometer  was  raifed  and  depreflcd 
5  times  by  rays  which  came  from  the  culinary  fire,  and  were  fubjeft  to  laws  of  refra&ion, 
not  fenfibly  different  from  thofe  which  affeft  light. 

Experiment  15.     Refraclion  of  the  beat  of  red  hot  iron.     A  lump  of  iron  was  forged  into  a 
cylinder  2i  inches  in  diameter,  and  2^  inches  long.     This  being  made  red  hot,  was  ftuck 
upon  an  iron  handle  fixed  on  a  ftand,  fo  as  to  prefent  one  of  its  circular  faces  to  a  lens  of 
the  dimensions  ufed  iu  the  1 2th  experiment,  at  the  diftance  of  2,8  inches.     Before  the  lens* 
at  fome  diftance,  was  placed  a  fcreen  of  wood,  with  a  hole  of  an  inch  diameter  in  it,  to 
limit  the  objeft,  and  to  keep  the  heat  from  the  thermometers.    One  of  thefe  was  placed  in 
the  fecondary  focus  of  the  lens,  and  the  other,  within  ^  of  an  inch  of  that  focus,  and  at 
the  fame  diftance  from  the  lens,  fo  that  if  there  was  any  difference  in  the  expofure,  it  was 
in  favour  of  the  laft  thermometer,  which  flood  oppofite  a  thinner  part  of  the  lens.     During 
the  experiment,  the  thermometers  were  alternately  fcreened  from  the  effeft  of  the  lens,  and 
expofed  to  it  for  the  fame  length  of  time,  and  the  effects  were,  that  both  underwent  variations . 
of  increafed  and  diminifhed  temperature ;  but  that  which  was  in  the  focus  gained  6  de- 
grees in  the  firft  two  minutes,  whilft  that  near  the  focus  gained  only  4 ;  and  the  firft  loft  3 
degrees  in  the  fecond  two  minutes  during  the  time  the  lens  was  fcreened,  whilft  the  fecond 
loft  only  2 ;  and  fo  in  three  other  alternations  the  alternations  of  temperature  in  the  focus 
were  2°,  2|°,  and  i-J°,  whilft  the  correfponding  changes  out  of  the  focus  were  1°,  1^°,, 
and  oi.    To  remove  all  doubt  on  the  fubjedt,  the  thermometers  were  left  in  their  refpe&ive 
fituations,  and  a  plain  glafs  fubftituted  in  He  ad  of  the  lens.     In  thefe  circumftances  the  laft 
related  procefs  of  alternate  covering  and  uncovering  the  glafs  was  repeated,  and  both  ther- 
mometers were  found  to  be  affe&ed  alike. 

Experiment  j6.  Refraclion  of  fire  heat  by  an  infirument  refembling  a  tele/cope.  This  in- 
ftrument  confided  of  a  concave  mirror,  which  received  the  heat  from  the  fire,  a  plain 
mirror  which  reflected  it  to  one  fide,  where  there  was  a  lens  at  the  ufual  eye  aperture. .  A 
thermometer  was  placed  in  the  focus  of  this  lens,  and  another  near  the  focus,  and  the  fame 

method: 
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method  of  comparative  crimination  was  adopted  as  in  the  laft  experiment.  The  refute  alfa 
tins  (tmilar,  for  which  reafon  I  (hall  confult  brevity  fo  far  as  to  avoid  repeating  the  par* 
tkulaffc  in  detail. 

Experiment  17.  Refraction  of  the  invifible  rays  ef  filar  heat  One  half  of  the  before 
mentioned  burning  lens  was  covered,  and  the  prifmatic  fpe£hrum  thrown  upon  the  cover* 
fo  that  the  laft  vifible  red  colour  falling  one-tenth  of  an  inch  from  the  margin  of  the  pafte* 
board*  die  inviGble  rays  beyond  the  fpe&rum  were  fuffered  to  fall  upon  the  lens.  In  the 
focus  of  the  red  rays,  or  a  very  little  beyond  it,  was  *  placed  the  ball  of  one  of  the 
theraomtters,  and  the  other  thermometer  as  near  to  it  as  convenient  The  thermometer 
in  the  focus  was  raifed  45  °  in  one  minute,  whiift  the  other  thermometer  underwent  no 
change. 

As  a  little  of  the  red  colour  was  difcernible  on  the  ball  of  the  thermometer*  the  Do£tor 
was  induttd  to  try  if  the  invifible  rays  could  not  be  rendered  perceptible  to  the  fight  by 
condenfation  |  and  with  this  intention  the  next  experiment  was  made. 

Experiment  18.  Trial  to  render  the  invifible  rays  of  the  fun  vifible  by  condenfiatien.  The 
laft  defcribed  experiment  was  repeated  by  withdrawing  the  lens  till  the  extreme  v&ble 
Colour  #as  tV  from  the  margin  of  the  femicircular  pafteboard  cover.  In  thefe  circtfin- 
ftances  there  vraa  no  longer  any  tinge  of  colour  or  veftige  of  light  to  be  fcen  on  the  ball  of 
the  theftnoriietet ;  but,  neverthelefs,  the  effe&  of  the  invifible  rays  was  fuch,  that  the 

* 

thermometer  in  the  focus,  received  21°  of  beat,  whiift  die  other  near  the  focus  remained 
ftatienary.  The  colour  feen  in  the  17th  experiment  omit  therefore,  as  the  Do&orob* 
fcrves,  have  arifch  from  the  imperfeft  refra&ion  of  a  lens  of  fo  great  a  diameter;  the 
difficulty  of  afcertaining  the  termination  of  a  priftnatic  fpedrum  in  a  room  not  pcrfefitty 
dark,  and  the  gradual  diffufion  of  rays  of  the  fame  kind  over  a  considerable  fpace  in  con* 
fequencc  of  the  breadth  of  the  priftn. 

Experiment  19.  Refra&ion  of  invifible  culinary  beat.  This  experiment  is  attended  with 
ibme  difficulties,  on  account  of  die  feeble  ftock  of  heat  in  a  red  hot  lump  of  iron,  or  other 
fifniltt  thing,  and  the  fpced  with  which  it  is  carried  off.  The  Do&or  was  prevented 
from  adopting  fome  contrivance  to  keep  up  this  heat  from  the  consideration  that  the 
alternate  rifing  and  falling  of  a  thermometer  in  the  focus  of  a  leas,  facceffively  covered  and 
uncovered,  mult  be  aicribed  to  the  refradion  of  heat.  The  lens  of  1,4  focus  was  placed 
before  the  cylinder  of  iron  of  experiment  15,  made  very  red  hot,  and  the  thermometer 
placed  in  its  focus  was  for  each  fucceffive  two  minutes  fixft  expofed  to  die  heat,  and  then 
fcreened  from  it  by  a  fmaU  piece  of  pafteboard.  Hie  iron  Was  at  the  beginning  v,ery  ted 
hot.  •  The  changes^  after  the  iron  had  ceafed  to  emit  any  light  perceptible  in  a  darkened 
room,  were  eight  in  number,  and  regular,  amounting  to  one  degree  at  the  beginning,  and 
at  the  end  the  effeft  of  the  condenfed  rays  exceeded  bat  half  a  degree  the  loft  of  thofc 
which  were  flopped  by  the  lens. 

Experiment  20.  Confirmation  of  the  lajl  experiment.  The  19th  experiment  was  repeated 
in  affiftant  thermometer.  The  principal  thermometer  being  placed  in  the  focus,  as 
4  before 
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before  the  afliftant  thermometer  was  placed  |  of  an  inch  diftant  on  one  fide,  and,  con- 
fequently,  was  expofed  to  the  diredt  a&ion  of  the  heated  cylinder.  The  fcreen  was  never 
advanced  before  this  lad.  During  eight  minutes,  the  thermometer  in  the  focus  being  unr 
covered  for  the  fir  (I  minute,  covered  for  the  fecond,  uncovered  for  the  third,  and  fo  forth, 
came  to  its  maximum  by  alternate  greater  elevations  and  fmaller  depreffions,  and  afterward* 
loft  its  heat  by  greater  depreffions  and  fmaller  elevations.  But  the  other  thermometer  beiqg 
out  of  the  reach  of  refra&ion,  acquired  its  maximum  of  heat  gradually,  in  confequence  of 
an  uniform  expofurfc  to  the  heated  cylinder,  and  afterwards  began  to  decline. 

After  the  firft  eight  minutes,  the  afliftant  thermometer  was  removed  to  one  fide  of  the 
focus,  fo  as  to  participate  of  the  alternate  fcreening,  and  alfo  to  receive  a  fmall  (hare  of  one 
fide  of  the  invifible  heat  image,  which  rauft  be  formed  in  the  focus  of  the  lens.  Here,  in 
confirmation  of  the  reafoning  flowing  from  the  general  fa&s  and  do&rines,  the  afliftant 
thermometer  (hould  be  affe&ed  by  alternate  rifings  and  fallings,  but  lefs  confidcrablc  than 
thofe  in  the  focus.    The  changes  of  the  focal  thermometer  were  for  fix  alternations  in  ten 

minutes  —  |  +  t  —  I-J-+T  —  l  +  x>  aiu*  fiok  °*  ^e  *&&&*  thermometer  were 
—  i  +  |  — 1  +  |  —  t  +  |,  all  which,  as  our  author  obferves,  fo  clearly  confirm  the  e&& 
of  the  refraction  of  the  lens,  that  it  rauft  be  evident  that  there  are  rays  ifiiung  from  hpt  iron, 
which,  though  in  a  ft  ate  of  total  invifibility,  have  a  power  of  occafioning  beat,  and  obey 
certain  laws  of  refra&ion,  very  nearly  the  fame  with  thofe  that  affi<&  light.  From  the 
whole  retrofpeft  of  his  paper,  he  adds,  that  it  will  be  eafy  to  perceive  that  he  has  made  a 
good  proof,  in  this  divifion  of  his  memoir,  of  the  three  firft  of  his  propositions* 
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HE  mineral  which  is  the  ohje&  of  this  Memoir  prefents  itfelf  in  the  form  of  hexahe- 
dral  cryftals  of  a  dirty,  uneven,  violet  colour;  fome  of  tbem  have  their  bafes  fmooth,  but 
commonly  tarnifiied,  whilft  others  inftead  of  bafes  have  a  multitude  of  angular  proje&ions. 
Their  fpecific  gravity  is  2,9455  ;  their  refra&ion  double  in  a  very  ftriking  degree.  They 
eafily  fcratch  carbonated  lime,  and  appear  to  poffefs  the  fame  hardnefs  as  fluated  lime ;  their 
powder  thrown  upon  burning  coals  gives  a  violet  coloured  phofphorefcence.  .They  are  en- 
tirely foluble  with  a  lively  effervefcence  in  nitric  acid.  They  are  found  in  Spain  bctweea 
the  kingdoms  of  Arragon  and  Valencia,  which  is  the  rcafon  of  their  being  called  Arrago- 
nites,  by  Werner.    There  are  fome-  alfo  to  be  met  with  near  the  Pyrenean  Mountains. 

Their  phofphorefcence,  together  with  their  colour,  induced  Born  to  fufpeft  the  prefencc 
of  phofphate  of  lime,  but  Klaproth  found  only  carbonate  of  lime* 
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Hauy  having  endeavoured  to  divide  fome  of  thefe  cryftals  mechanically,  obferved  that 
they  had  natural  planes  of  jundion  fituated  parallel  to  their  prifms  which  indicated  a  ftrik- 
ing  difference  between  their  ftru&ure  and  that  of  carbonated  lime.  He  has  alfo  remarked, 
that  there  is  a  difference  of  feveral  degrees  in  the  mutual  incidences  of  the  faces  of  the  prifm, 
and  that  this  inequality  varies  in  different  cryftals.  This  variation  of  the  angle  would  be  inex- 
plicable on  the  hypothefis  of  a  fimple  cryftal  where  there  (hould  be  unity  of  ftru&ure;  but 
the  afperities  diverging  from  the  center  towards  the  faces,  and  the  Arise  which  render  the 
furface  unequal,  prove  that  they  are  formed  of  feveral  cryftals  grouped  together  in  the  fol- 
lowing manner. 

The  cryftal  which  may  be  confidered  as  the  element  of  the  group  is  a  cuneiform  o&a- 
hedron.  The  four  trapeziums,  which  form  the  four  large  faces,  incline  1 16°  on  one  fide, 
and  64 °  on  the  other.  The  incidence  of  the  triangular  faces  upon  each  other,  at  the  place 
where  they  re-unite  in  a  common  edge  perpendicular  to  the  axis,  is  about  70  °.  Thefe 
odaedrons  are  divided  by  fe£tions,  parallel  to  their  larger  faces.  Confidering  thefe  oftaedrons 
as  quadrangular  prifms  with  dihedral  fummits  •,  and  fuppofing  that  their  planes  incline  to 
each  other  in  an  angle  of  1200,  it  is  evident  that  three  of  thefe  prifms  applied  together  will 
form  a  regular  hexaedral  ptifm  whofe  bafe,  inftead  of  being  plane,  will  prefent  three  faliant 
edges  which  will  unite  at  the  axis  of  the  prifm. 

But  fuppofing  the  faces  of  the  prifm  to  incline  in  angles  of  1 160  and  640,  as  is  the  cafe 
in  nature,  then  three  of  the  prifms  cannot  exa&ly  fill  a  fpace ;  but  two  of  them,  for  exam- 
ple, A  and  C,  -fig.  3.  PI.  XV,  will  leave  a  concave  fpace  between  them  of  12  degrees. 

To  fill  this  fpace  the  cryftallizing  procefs  employs  a  fourth  prifm  D,  which  appears  to 
penetrate  in  part  the  prifm  C,  fo  that  in  the  folid  which  refults  from  this  re-union  the  two 
faces  which  cut  each  other  in  the  centre  make  an  angle  of  1280  j  but  as  real  penetration  is 
impoffible  the  fame  thing  probably  happens  here  as  in  thofe  groups  of  cryftals  which  crofled 
each  other,  and  which  at  the  place  where  they  fcem  to  enter  each  other,  have  a  plane  of 
jundion  fituated  parallel  to  one  of  the  faces  which  would  be  produced  by  virtue  of  a  law  of 
diminution. 

The  cryftals  whofe  bafe  is  covered  with  cuneiform  proje&ions  are  nothing  elfe  but  much 
more  numerous  groups  of  quadrangular  prifms,  whofe  refpe&ive  arrangement  is  fubje&ed 
to  the  fame  conditions. 

With  refpeft  to  thofe  cryftals  which  have  four  angles  of  11 6°,  and  two  of  1280,  the  or- 
der of  their  ftru&ure  will  be  underftood  by  the  bare  infpe&ion  of  fig.  4.  In  this  cafe  the 
affemblage  is  compofed  of  four  prifms,  A,  B,  C,  D,  which  fuppofing  no  modification  of 
form,  would  leave  in  the  interior  of  the  prifm  an  empty  fpace,  indicated  by  the  rhomb,  A,  *, 
u>  r,  but  this  is  filled  by  an  extenfion  which  each  prifm  receives  always  in  confequence  of  a 
law  of  diminution ;  fo  that  the  prifm  A  increafes  in  a  quantity  reprefented  by  the  re&angu- 
lar  triangle,  £,  0,  z,  &c. 

In  the  cryftals  whofe  bafes  are  fmooth  a  diminution  takes  place  by  a  fingle  row  on  the 
terminating  edge  of  the  component  prifms. 

The 
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The  vertical  fe&ion  of  the  prifms  of  the  arragonite  prefent  another  Angularity  noticed 
by  Born ;  it  is  a  kind  of  crofs,  compofed  of  four  triangle*,  amongft  which  thofe  whofe 
bafes  are  horizontal,  are  of  a  pale  colour *,  and  the  other  two,  whofe  bafes  are  vertical, 
are  of  a  m9re  intenfe  violet  colour. 

Fig.  2.  represents  a  prifm  of  arragonite,  where  the  four  cuneiform  o&ahedrons  which 
compofe  it,  are  very  diftinft* 
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On  the  true  Origin  of  Refin,  known  by  the  Name  ^Sandarac,  and  on  that  of  Gum  Arabic^ 
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ANDARAC  is  an  article  of  commerce,  which  is  brought  from  the  weftern  provinces 
of  the  kingdom  of  Morocco.  From  fix  to  feven  hundred  quintals  are  annually  (hipped  in 
the  ports  of  Santa  Cruz,  Mogador,  and  Saffy.  This  refin  is  called,  in  the  language  of 
the  country  el  grajfa.  The  tree  which  produces  it  is  a  thuia,  which  was  alfo  found  in  the 
kingdom  of  Tunis  by  M.  Vahl,  who  has  given  a  complete  defcription,  and  a  good  figure 
of  it  in  his  work,  entitled,  Symbol.  Botan.  part  the  2nd,  page  96.  PI.  XLVIIL  by  the 
name  of  Thuia  Articulata.  Shaw  had  formerly  made  it  known,  and  called  it  CyprcJJits, 
fruBu  quadrivalvij  foliis  equifeti  inftar  articulatis  ;  but  neither  of  thefe  learned  men  were 
acquainted  with  the  oeconomical  ufe  of  this  tree,  probably  becaufe  as  it  is  feldom  met 
with  in  the  northern  parts  of  Barbary,  too  little  advantage  can  be  derived  from  the. refin 
which  flows  from  it. 

Till  the  prefent  time  this  refin  was  attributed  either  to  the  Juniperus  Communis,  or  to 
the  Juniperus  Lycia,  or  laftly  to  the  cedar  of  Libanus,  without,  coqfidering  that  the 
Juniperus  Communis  is  not  found  in  Africa ;  and  that  the  Sandarac  appears  to  come 
exclufively  from  that  part  of  the  World.  M.  Schoufboe,  who  has  feen  the  fpecies  of  thuia 
here  alluded  to,  fays,  that  its  height  never  exceeds  8  metres  (267  feet),  and  that  the 
diameter  of  its  trunk  is  not  more  than  20  or  22  (7  inches)  centimetres.  It  is  distinguished 
at  firft  fight,  from  the  two  other  fpecies  of  the  fame  kind  of  tree,  which  are  cultivated 
in  our  gardens,  by  having  a  diftinft  trunk,  and  the  appearance  of  a  real  tree,  whilft  in  .the 
others  the  branches  ifTue  out  from  the  root,  which  gives  them  rather  the  refemblance  of 
buflies.  Its  branches  alfo  are  more  articulate  and  more  brittle ;  its  bloflpms,  which  are 
not  very  apparent,  difplay  themfelves  in  germinal,  (April),  and  its  fruits,  the  form  of  which 
is  nearly  fpherical,  ripen  in  Fru&idor,  (September). 

By  preferring  a  branch  of  this  vegetable  to  the  light,  it  is  obferved  to  be  covered  with 
a  multitude  of  tranfparent  veficles,  which  contain  the  refin.    After  thefe  veficles  have 

•  Extra&ed  by  Ch.  Coquebert,  from  the  Danifli  Journal,  entitled,  Bibliot.  de  Phyfique,  medicine  et 
economic,  3d  cmhier,  1799,  and  inferted  in  the  Bulletin  de  la  80c.  Phi  lorn.  No*' 51 . 
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burft  ia  the  dimmer  months,  a  refinoaa  juice  iflbes  from  the  tiusk  aad  branches  by  exuda- 
tiva, as  in  o£her  coniferous  txe$a»    This  is  fandarac*    The  inhabitants,  of  the  country 

collect  it  and  carry  it  to  the  ports,  whence  it  ia  con? eyed  to  Europe.  We  make  ufe  of  it 
in  the  compofition  of  fealing  wax,  and  for  different  kinds  of  raroifh.  In  1795  im  kwxbcd 
pounds  weighs  of  it  cad  in  die  ports  of  Morocco  from  13  to  13  *  pbfttes*  which  is.  equal 
to  about  75  (7  id.)  centimes  of  our  money  per  pound.  The  duty  upom  exportation  was 
about  9  francs  per  quintal. 

Sardarac,  if  good,  is  of  a  clear  yellow,  pure  and  limpid.  It  is  a  commodity  rather 
difficult  to  adulterate.  Care  however  mud  be  taken  that  the  Moors  do  hot  mix  too  much 
duft  with  it. 

It  is  probable  the  fame  tree  which  produces  fandarac  at  Senegal,  whence  it  is  exported 
in  rather  large  quantities. 

Another  article  of  commerce,  of  which  the  kingdom  of  Morocco  alfa  partake*  with 
Senegal,  is  the  gum  called  Arabic,  which,  bears  the  name  of  al  leilk.  The  tree  which  affords 
it  grows  only  in  the  weftern  provinces  of  that  ftate.  The  exportation  of  this,  ftibftance  to 
the  different  dates  of  Europe,  amounts,  throughout  the  ports  of  Morocco,  to  8  ox  9  thou? 
fand  quintals.  M.  Schoufboe  fays,  that  this  tree  is  the  tnimofa.  nilotica,  called  by  the 
natives  al  thlob,  which  is  no  reafon  why  in  the  fanthctn  parts  of  Africa,  it  may  not  he 
gathered,  as  authors  affert  that  it  is,  from  the  mitnofa  fenegal*  and  even  from  other  fpecie* 
of  that  genus.     ^ 

In  Barbary>  a  didin&ion  is  made  between  the  gum  of.  Senegal  and  that  of  the  country;. 
The  firft  has  the  preference,  on  account  of  its  purity*  its  cleawiefs,  and  its  whitenefsx  which 
are  the  qualities  in  general  fought  for  in  this  commodity. 

The  gum  which  I  myfelf  colle&ed  in  the  province  of  Mogador,  obfenre*  M.  Shoufboe, 
exudes  from  the  trunk  and  the  branches  of  the  tree,  like  that  of  our  fruit  trees.  It  is,  la 
round  pieces,  of  the  bignefs  of  a  hazle  nut,  or  at  mod  of  a  walnut.  Thefe  pieces,  *pA*r\ 
by  adhering  to  each  other,  fometimes  form  mafles  of  the  bignefs  of  the  fid,  on  area 
of  the  head ;  but  that  is  only  owing  to  the  adhefion  which  takes  place  between  the  gum* 
dill  freih,  after  it  had  been  feparated,  and  principally,  from  the  part  which  adheted.  to 
the  bark,  where  the  gummy  juice  has  not  had  time  to  harden.  When  earth,  finaU  ftoaes, 
or  other  foreign  bodies,  are  fometimes  found  in  thefe  mafies,  it  is  the  effe&&  of  fraud* 
M.  Shoufboe  fufpe£U  that  it:  is  this  circumdance  which  has  given  rife  to  the.  oyiniqa 
that  gum  was.  found,  at  the  foot  of  trees,  and  that  it  exuded  from  their  roots;  (ice 
Bulletin  des  Sciences,  No.  8.)  for  which  he  thinks  there  is  no  foundation.  If  that,  was 
the  cafe,  it  appears  to  him  that  befides  the  fand  and  the  earth,,  with  which  the  mafies 
qf  gum  are  accidentally,  contaminated,,  fome  of.  it.  would  be  found,  in.  the  interior  part 
of  the  globules,  and  wquld  be  even  fo  much,  blended  with  the  mucilaginous*  fuhftance, 
that  it  would  not  be  poffible  to  purify  it  completely  ;  whereas,  on  the  contrary,  the  gum 
which  copies. froWiScncgaliis  d&  purest  than  that,  from  Barbajry* 

M.  Schoufboe,  nevertheless  obferves,  that  fandarac^  and' the  gums  whieh  are  exported 

through 
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through  the  port  of  Saffi  are  of  a  brown  or  red  colour ;  but  he  attributes  that  colour  to  the 
quantity  of  red  oxide  which  is  mixed  with  the  foil  of  the  province  of  Abda,  in  which  this 
part  U  fituated.  This  oxide  communicates  Us  colour  even  to  the  whiteft  wool,  and  the  in- 
habitants of  this  province  arc  knojvn  by  the  red  tinge  of  .their  deaths,  which  no  proceb  can 

totally  deftroy. 

In  the  months  of  Meffidor  and  Thermidor,  when  heavy  dews  fall,  the  gum  lo£es 
much  of  its  clear nefs  and  other  qualities  for  which  it  is  defirable. 

An  hundred  pounds  weight  of  this  fubftance  coft,  in  the  year  17939  at  Mogador,  about 
4$  francs  of  our  money,  exclusive  of  $  francs  70  cents  fpr  cuftom-boufe  duties. 

The  inhabitants  of  Morocco  do  not  appear  to  apply  this  gum  to  any  purpofc  whatever  * 
Aey  fell  all  that  they  can  gather  to  the  commercial  nations  of  Europe. 


VIII. 

Remarks  on  the  Memoir  in  which  M.  Girtanncr  examines  whether  Azote  he  ajinplt  or  a 

compound  Body.    By  Cit.  Bshthoult*.  v 
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OME  experiments  were  long  fiuce  made  by  Dr.  Prieftley,  which,  at  firft,  induced  him 
to  believe,  that  water  diftilkd  with  lime,  and  particularly  with  clay,  or  indeed  wkhout 
My  addition,  in  an  earthen  retort,  or  a  retort  of  giais,  deprived  of  its  polifii,  became 
changed  into  air.  But  he  found  that  this  deduftion  was  erroneous,  and  that  it  was 
merely  a  tranfmiffion  of  the  furrounding  air  which  gave  rife  to  the  circumftancc.  Guytott 
added  feme  obfervations  to  thofe  made  by  Prieftley  (Encyclop.  Vol.  I.  p.  674)9  **<*  the 
bQ.  appeared  to  be  clearly  accounted  for. 

(fcvejthelefs,  Wiegleb  publtfhed  a  memoir,  in  which  he  pretended  to  prove,  by  his 
own,  and  by  fome  other  experiments,  that  the  gas  which  is  obtained  by  paffing  water 
through  red  hot  earthen  tubes  might  be  attributed  foJely  to  the  combination  of  the  aqueous 
vapour  with  tl*e  matter  of  heat,  and  that  this  combination  formed  azote  gas* 

This  memoir  occafioncd  a  reply  which  was  puMUhed  by  Dieman,  Van  Tfootwyk,  and 
lauwerenburg.  Tbefc  learned  ohemifts  carefully  examined  every  drciunftanoe  which  had 
apparently  eftaUifhed  the  pretended  produ£tion  of  azote  gas  from  water  \  and  I  Aould 
have  thought  that  there  could  exift  no  doubt  refpe&ing  the  oonfequence  which  they  drew 
from  their  experiments,  which  was,  "  that  the  azote  gas  which,  in  fome  cafes,  is  ofc- 
"  taiaed  by  paffing  water  in  vapour  through  ignited  tubes,  proceeds  merely  from  the 
"  ejtfernal  air,  deprived  of  its  oxygen  gas  by  the  five  in  which  the  tubes  are  placed  $  and 
"  that,  thus,  the  pretended  converGon  of  water  into  azote  gas,  by  its  combination  wi^jh 
"  the  matter  of  heat,  is  overthrown," 

•  Annates  de  Chimie,  XXXV.  *j.  The  memoir  referred  £0  U  inlerted,hi  ouf  Jpurnal,  and  i*  con- 
cluded at  p.  275  of  the  prefent  volume* 
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After  all  thcfe  di  feu  (lions,  Girtanner  fupports  the  new  ideas  which  he  prefents  in  his 
memoir,  upon  feveral  fafts,  for  the  mod  part  borrowed,  and  already  accurately  difcufled, 
amohgft  which,  the  following  muft  be  confidered  as  fundamental.  "  When  water  is  boiled 
a  in  a  retort  of  glafs,  or  other*  material,  azote  gas  is  obtained/'  The  author  prefcribes 
thefe  precautions :  "  In  order  to  obtain  azote  gas  in  the  greateft  quantity,  the  water  muft 
"  evaporate  flowly,  and  over  a  very  gentle  fire,  which  muft  not  be  raifed." 

"  It  is  invariably  obferved  in  all  thefe  experiments,  that  when  the  laft  drop  of  water* 
ct  evaporates,  the  azote  gas  is  no  longer  produced,  though  the  heat  be  kept  up." 

An  aflertion  fo  pofitive  engaged  me  to  repeat  the  experiment,  with  the  precautions  pre* 
fcribed  by  Girtanner.  It  was  made  with  water  newly  diftilled,  and  with  the  well  waflied 
precipitate  of  alum  by  pot-afli.  It  was  likewife  made  with  a  very  white  clay,  with  which  I 
was  f up  plied  by  Cit.  Guyton ;  but  though  the  quantity  of  water  was  confidefable,  and,  con- 
sequently, thefe  two  experiments  were  of  long  duration,  no  gas  became  difengaged,  add 
the  refult  was  the  fame  as  that  of  the  Dutch  chemifts. 

It  is,  neverthelefs,  upon  this  fa  A,  which  is  fa  eafy  to  be  repeated,  that  Girtanner  prin- 
cipally eftabfiihes  the  compofition  of  azote,  and  thence  that  of  the  atmofphere,  "  which 
"  is  not,  as  till  now  has  been  imagined,  a  mixture  of  oxygen  gas  and  azote  gas,  but  rather 
"  a  mixture  of  oxygen  gas  and  hydrogen— water  in  the  form  of  gas,  if  I  may  be  allowed 
"  to  make  ufe  of  fuch  an  expreffion.  When,  by  thofe  chemical  experiments  which  very 
"  improperly  have  been  called  eudiometrical,  the  oxygen  is  feparated  from  the  hydrogen, 
"  this  feparation  can  never  be  entirely  or  completely  made ;  a  part  of  the  oxygen  remains 
"  united  to  the  hydrogen,  and  forms  the  chemical  combination  which  we  call  azote,  and 
K  which  we  obtain  in  thefe  experiments." 

So  that  when  .we  make  a  mixture  of  oxygen  and  hydrogen  gas,  we  form  atmofpheric  air, 
and  the  differences  of  fpecific  gravity  and  other  properties  in  all  our  experiments,  as  well  as 
the  produ£ts  of  combuftion,  are  only  flight  circumftanccs,  of  which  Girtanner  takes 
no  account.  ' 

The  memoir  of  Girtanner  induced  Citizen  Bouillon  la  Grange  to  make  experiments 
more  numerous  than  mine,  but  which  lead  to  the  fame  conclufions.  I  (hall  here  prefent  a 
(hort  account  of  them,  which  he  has  kindly  communicated  to  me. 

He  did  not  obtain  any  azote  gas  by  boiling  diftilled  water  either  alone,  or  with  clay  or 
alumine  in  a  glafs  retort,  to  which  he  applied  a  tube  of  glafs  or  of  porcelain. 

In  like  manner  no  difengagefnent  of  azote  gas  took  place  when  the  fame  experiment  was 
made  with  filiceous  earth  obtained  by  fluoric  acid. 

Having  placed  lime,  obtained  from  white  marble,  in  a  tube  of  the  fame  kind,  he  pafled 
the  vapour  of  water  through  this  tube,  which  had  its  extremity  immerfed  in  lime  water. 
A  (mall  quantity  of  carbonic  acid  was  difengaged,  which  formed  carbonate  of  lime,  but  no 
azote  gas  was  produced* 

If,  inftead  of  lime,  clay  is  made  ufe  of  with  the  fame  apparatus}  a  little  carbonate  of  lime 
becomes  formed,  but  there  is  no  difengagement  of  azote  gas. 

3  If 
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If  water  be  pafled  through  a  tube  of  porcelain  containing  lead,  this  metal  is  converted 
partly  to  the  (late  of  yellow  oxide,  and  becomes  vitrified ;  but  there  is  no  difengagement 
of  azote  gas. 

If,  inftead  of  lead,  tin  is  put  into  the  tube,  that  metal  becomes  oxidated,,  and  hydrogen 
gas  is  obtained.     Zinc  affords  the  fame  refult. 

To  afcertain  whether  this  hydrogen  gas  did  not  contain  azote  gas,  Citizen  Bouillon  la 
Grange  caufed  it  to  pafs  over  fulphur  in  fufion,  and  he  obtained  fulphurated  hydrogen 
gas,  but  no  azote.     He  afterwards  fubje&ed  it  to  another  trial. 

He  mixed  the  hydrogen  gas  which  he  had  obtained  by  means  of  zinc,  with  oxygen 
gas;  he  fet  the  mixture  on  fire  by  an  electric  fpark ;  water  was  formed,  but  there  was  no. 
azote  gas. 

The  opinion  of  Girtanner  agrees  with  that  of  Humboldt,  refpc£ting  the  abforption  of 
oxigen  by  fimple  earths,  and  particularly  by  alum j  there  is,  nevertheless,  this  difference, 
that  Humboldt  confiders  die  fuppofed  phenomenon  as  a  fimple  Separation  of  the  oxygen. 
which  becomes  fixed  from  the  azote  which  remains  in  the  gafeous  ftate ;  but  according  to 
Girtanner,  (<  the  azote  which  is  obtained  in  our  experiments  being  always  produced  by 
"  operation  itfelf,  and  having  no  exiftence  in  the  form  of  azote  before  the  experiment  in 
"  the  air  which  is  examined,  Von  Humboldt,  who  is  fond  of  drawing  general  conclusions 
(r  from  Solitary  fa&s  appears  to  be  deceived,  when  he  afierts  that  earths  may  be  ufed  for 
"  the  purpofe  of  determining  the  quantity  of  azote  contained  in  the  atmofpheric  air:  for  the? 
"  earths  do  not  indicate  that  azote  is  contained  in  atmofperic  air  »  they  change  this  air  into- 
"  azote." 

The  younger  Sauflure  has  formerly  contradi£ted  the  refult  announced'  by  Humboldt, 
(Journ.  de  Phyf.  frinu  an.  7.)  He  allows  that  the  humus,,  which  is  the  refult  of  the  mixture 
of  decompofed  vegetables  with  other  vegetables  which  are  not  yet  decompofcd>  abforbs  the 
oxigen  gas,  and  that  this  is  a  known  fa&  >  but  he  attefts,  "  that  this  effeft  never  takes 
"  place  when  the  earths  are  pure  and  deprived  of  every  vegetable  fubftance."  He  de- 
fcribes  Several  experiments  which  he  made  with  alumine,  lime,  and  filer. 

In  the  journal  of  Pluviofe,  of  the  lame  year,  there  is  a  reply  from  Humboldt*  written  in  ^ 
magifterial  tone.  It  contains  nearly  the  fame  afiertions  as  are  contained  in  the  firft  Me-. 
moir  with  the  addition,  however,  (as  a  kind  of  San&ion),  that  his  observations  were  made 
in  the  laboratories  of  Vauquelin  and  of  Fourcroy.  This  authority  would  undoubtedly  be 
of  great  weight,  if  thefe  two  learned  chemifts  had  co-operated  in  the  observations  v  but  very 
far  from  that  being  the  cafe  it  is  vifible  from  the  account  that  the  only  experiments*  which 
were  attempted  in  their  prefence,  did  not  Succeed. 

I  have  been  affured  that  the  celebrated  Fabroni,  about  the  fame  period*  repeated  the  ex- 
periments of  Humboldt,  at  Florence,  without  any  SucceSs. 

Champy,  the  Son,  a  very  accurate  obServer,  repeated  them  at  Cairo  upon  alumine,,  upon 
lime,  and  upon  the  mud  of  the  Nile,  with  a  temperature  which  varied  from  30.  to  36°  de- 
grees of  the  centigrade  thermometer,  but  he  obtained  no  abforption.    It  muft.  be  remarked, 

that 
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that  the  mud  of  the  Nik  contains  fomc  tvmws  of  vegetable  {*bftaoeesi  £b  that,  *?b*a  k  i$ 
diftiUed  a  certain  quantity  of  carbonic  acid  and  of  carbonated  hydrogen  gas  is  obtained. 

Chaptal  repeated  them  at  Montpelier,  without  obtaining  abforption. 

i  have  kept  moiii  aiumioc  for  a^onfiderablc  time  in  contaft  with  atynofperic  air  aad 
oxigen  gas,  without  obferving  the  lead  abforption.  It  iwriog  been  mentioned  by  a  chemift 
that  abforptiw  was  caufed  by  agitation  $  the  effeft  of  agitation  was  patiently  tried,  but  the 
reWt  w*s  always  tfce  fame.  The  operation  lias  keen  reamed  wirfj  the  wfrfee  c&y  which 
had  been  fent  to  me  by  Guy  ton*  but  k  alfo  produced  no  ahforptioo.  This  ckqr,  weverthe- 
lefis,  when  urged  by  the  fee,  yielded  a  little  <caffhosic  acid  and  a  faaall  quantity  of  carbo- 
nated hydrogen  gas. 


*  ■ 
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,  On  tie  DcctmfqfiUvn  of  the  Muriatic  Acid.    By  Mr.  JoBjtf  Pitcbf$bd)  Junior. 

To  M*.  NICHOLSON. 
SIR, 

X  F  yw  think  the  follpwiog  pjbfervatiops  of  fufficient  importance,  you  will  objige  me  by  in- 

fcrtiflg  thflpa  in  your  ufeful  mifccll*ny. 

I  am,  Sir, 

Tour's,  &c. 

Norwich,  Jug.  16, 1 800.  JOHN  PITCHFORD,  Jun. 

1  iiave  long  considered  the  analyfis  of  the  muriatic  acid  to  be  a  point  of  the  firft  import* 
ance  in  the  prefent  ftate  of  chemical  knowledge.  Among  many  experiments  to  afcertain 
its  compofition,  which  have  occurred  to  me,  one  was  founded  on  Dr.  FordyceVexperiments, 
recorded  in  the  Phiiofophical  Tranfa&ions  for  1792,  the  object  of  which  was  to  difcovcr 
whether,  in  the  folution  of  zinc  in  dilute  fulphuric  acid,  the  metal  derives  the  oxygen 
neceffary  to  render  it  foluWe  from  the  acid,  or  from  the  water.  The  rcfalt  of  a  feries  of 
very  accurate  experiments  is  well  known  to  have  been,  that  the  water  fumifhes  the  whole 
of  the  oxygen,  and  that  no  portion  of  the  acid  Is  decompofed.  The  proof  of  this  is  that 
it  requires  as  much  pot-afli  to  precipitate  the  ?mc  from  a  certain  quantity  of  acid  as  to  fatu* 
fate  an  equal  quantity  of  acid  in  which  no  zinc  has  been  diflbived. 

'WHhtrTg  to  afcertain  whether  this  would  alfo  be  the  cafe  with  muriatic  acid,  I  diflbived 
one  ounce  of  tin  in  four  ounces  of  this  arid  of  fpecrfic  gravity,  if  y8.  During  the  folution 
&  confiderabi*  quantity  of  hydrogen  gas  was  evolved.  When  the  folution  was  completed 
I  added  pot-aOi  till  the  whole  of  the  tin  was  precipitated,  and  the  aeid  faturated,  which  took 
[dace  when  1412  grains  of  pot-afli  had  been  added.  I  next  tried  how  much  potrafli  four 
ounces  of  the  fame  muriatic  acid  would  •require  for  faturation,  and  found  that  1717  grains 
were  required*  Now  allowing  that  fomc*  fmafl  portion  of  fhe  muriatic  acid,  may  h*v* 
"    -x  -  been 
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Btten  vohtiHied  during  its  fetation*  of  thetiny  ami  carried  off  by  the  hjixogen  {^dtirkgjtii 
€feapc,thi«  canaoti  be  foppeWr  to  account  for  mor*  than  a  vtfry  fdudl  proportion  of  t$ieaeh} 
which  disappeared.  I  therefore  infer  that  when  tin  is  diflbked  in  mariaftic  acid*  atftfpr  o* 
die  acid  is  decompofed^  and  I  think  it  not  improbable  that  it  finppiies  tfce  frn  whh  orygew, 
and  that  its  other  componenr  parti  hydrogen  flies-  off  in  the  form  of  hydrogen  ga*v  I  &M 
well  aware  that  many  mover  experiments  ought  to  be  tried  bef one  it  caw  bte  eftabK&etf  fliatf 
oxygen  and  hydrogen  are  the  confthaent  principles  ol  muriatic  ateid ;  but  6M  Aibg  fc  $ 
think  fully  eftablHhed  by  thfc- exjperiment/naitieiy,  that  fome  portion  of  this  adid  is  dccdM-* 
pofird  (hiring  the  folutfon  of  tin;  For  if  in  Dr.  Fordyccfs  experiment,  in  which  two  eqtraf 
portions  of  fulphuric  acid,  in  one  of  which  zinohad  been  difl(blted>  and  in  the  other  rioff 
required  eqnal  quantities  of  pot~afii  to  faturate  theta,  it  Was  a  fair  inference,  that  therefore 
fulphuric  acid  is  not  decompofed  in  diffblring  zinc ;  it  is  equally  fair  to  infer  from  my  experw 
ment  in  which the muriatic  acidyin  which  tin  had  been  diflblvcd,  required  fo  much  lefs  pot- 
afh;  to  faturate  it  than  an  equal  quantity  of  the  fame  aeid  in  which  no  tin  had  been  diflblved, 
that  part  of  the  muriatic  acid  is  decompofed  in  diffolWng  tin. 

I  am  alfo  fenfible  that  the  above  experiment  might  be  tried  in  a  much  better  Way :  the 
quantity  of  water  contained  in  the  muriatic  acid  ought  to  be  ascertained  previous1  to  the  fo? 
lution  of  the  tin,  and  after  its  precipitation  by  the  alkali,  and  a  calculation  then1  made* 
whether  the:  portion  of  water  miffing  would  account  for  aH  the  hydrogen  and'  oxygen  pro- 
duced :  if  it  appeared  that  the  quantities  of  thefe  were  greater  than  the  water  miffing  WoukF 
furnifh,  then  I  think  it  would  be  eftabiMhed  that  they  entered  into  the  competition  of  mu*- 
riatic  acid.  Another  important  experiment  would  be  to  expofe  tin  to  muriatic  acid  gas*,  * 
per£e£Hy  free  from  water  (2  method  of  obtaining,  which  appears  in  Mr.  Henry's  experts 
menffc,  and  will  be  hereafter  mentioned),  and  examine  whether  it  become*  oxidate**,  and? 
to  expofe  not*  only  tin  but  every  other  metal;  and  every  other  fabftattce,  likely  to  fcpartrte* 
the  oxygen  of  this  acid  from  the  unknown  radical.  I  ani  neither  in  pofleffion  of  an  appatav 
tus  fufficiently  delicate,  nor  have  I  opportunity  at  prefertt  to  try-  thefe  and' fimilar  expert^ 
meuts,  but  having1  feen  in  the  Philofophkal  Tranfa&ionsfor  1800,  page  rtfr,  that  Mr'; 
William  Henry  has;  been  engaged'  in  expcfriBtedte  onthe  devompofition  of  thisacid,-  Ihave 
thought  it  right  tafuggeft  the  above  hints. 

The  chemical  world  has-  great  obligations  to  Mr.  Hfenry  for  the  labour  and  patience  He* 
muft  have  expended  on  his  very  interefting  experiments.  Ifhould  wifti  to  be  permitted  to* 
make  a  few  obfervations  which  refulted  from  an  attentive  perufai  of  his  paper. 

The  firftr.  feries  of  his  expeijnients  confifttcd  in  palling  the  ele&ric  fhock  repeatedly* 
through  muriatic  acid  gas  confined  over  mercury.  The  eflfeft1  was  the  diminutibrtof  thi* 
gae,  the  production  of  hydrogen  gag*  and 'the  oxidation  of  the  futface  of  the  mercury  :  all* 
thishe  attributes  not  to  any  decompofition  of  the  acid,  but  to  that  of  the  water,,  which  in:  ' 
the  dryeft  form,  in  which  the  gas  is  ufually  produced,  ftill  adheres  to  it;  A*  thefe'effeftr 
took  place  only  for  ^  limited  time,  after  which  continued  ele&rifation  produced  them 
no  longer,  and  as  a  portion  of  muriatic  acid  gas  always  remained  entire,  this  inference 
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k  probably  true,  and  the  experiments  prove  that  the  cle&ric  matter  at  leaft  is  incapable  of 
decompofing  muriatic  acid.  Bat  though  no  progrefs  may  have  been  made  towards- the  de» 
compofition  of  the  acid  by  thefe  firft  experiments,  they  are  yet  far  from  being  ufekfs, 
fince  we  are  now  fupplied  with  the  means  of  obtaining  the  muriatic  acid  perfe&ly  free 
from  water,  namely,  that  portion  which,  after  repeated  ele&rifation,  remains  unaltered. 
I  have  no  further  remark  to  make  on  the  firft  feries  of  experiments,  except  that  there  ap* 
pears  to  be  feme  obfeurity  in  the  5th,  in  which  143  meafures  of  common  air,  and  1 16  of 
muriatic  acid  gas,  were  ele&rifed,  and  by  30  (hocks  reduced  to  in.  •'  The  remainder 
*  confided  of  muriatic  acid  and  azote  gafes,  with  a  fmall  proportion  of  oxygenous  gas*" 
What,  then,  became  of  the  hydrogen  gas  ? 

The  fecond  feries  of  experiments  was  to  afcertain  the  effc£t  produced  by  ele&rifying  the 
muriatic  acid  gas  with  inflammable  fubftances.  Mr.  Henry  previoufly  obferves,  that  he 
has  attempted  the  decompaction  of  this  acid  by  palling  it  over  red  hot  charcoal.  u  An 
"  immenfe  produ&ion  of  hydrogenous  gas  took  place,  but  it  was  not  eafy  to  determine 
"  whether  it  had  its  origin  from  real  acid  or  from  water.99  I  cannot  help  being  (ur- 
prifed  that  Mr.  Henry  fhould  not  have  decided  this  point  by  palling  muriatic  acid  gas  en- 
tirely freed  from  water  by  ele&rifation,  over  red  hot  charcoal,  as  this  was  fo  obvious  a 
method  of  afcertaining  whether  charcoal  be  capable  of  decompofing  muriatic  acid. 

In  the  1 2th  experiment,  Mr.  Henry  paffed  200  (hocks  through  a  mixture  of  83  meafures 
of  carbonated  hydrogen  gas,  and  89  of  muriatic  acid  gas.  The  permanent  refidue,  after 
the  admUEon  of  water,  was  101  meafures;  the  addition,  therefore,  amounted  to  18;  of 
thefe  6  may  be  accounted  for  by  the  decompofition  of  the  water  of  the  muriatic  acid  gas, 
and  10  by  that  of  the  carbonated  hydrogen  gas.  There  remain,  therefore,  only  2  meafures 
that  can  be  fuppofed  to  be  produced  from  the  muriatic  acid  gas ;  a  quantity*  Mr.  Henry 
obferves,  too  fmall  to  afford  grounds  for  fuppofing  them  to  arife  from  decompofed  acid. 
Now,  in  the  decompofition  of  the  water  of  the  carbonated  hydrogen  gas  by  the  carbon,  the 
oxygen  of  the  water  unites  with  the  carbon,  and  forms  carbonic  acid,  which  being  foluble 
in  water,  would  on  the  admifiion  of  water,  after  the  ele&rifation,  wholly ^  or  in  part,  dis- 
appear $  fo  that  the  increafe  is  greater  than  2,  by  all  the  carbonic  acid  difiblved  in  the  water. 
It  is  not,,  therefore,  improbable  that  the  muriatic  acid  gas  was  in  part  decompofed  in  this 
experiment,  and  that  the  reafon  why  more  of  it  was  not  decompofed  is  owing  to  there  not 
having  been  mpre  charcoal  prefent,  part  of  what  there  was  being  employed  in  decompofing 
the  water.  Indeed,  when  it  is  confidered  that  the  carbon  in  carbonated  hydrogen  gas  is 
minute  in  quantity,  and  that  it  has  to  decompofe  the  water  contained  in  the  two  gafes 
before  it  can  aft  on  the  muriatic  acid  gas,  it  appears  that  this  is  not  the  beft  method  of 
afcertaining  whether  carbon  can  decompofe  muriatic  acid.  There  appears  to  me  no  better 
method  than  to  pafs  muriatic  acid  gas,  perfectly  freed  from  water,  over  red  hot  charcoal, 
and  to  examine  whether  carbonic  acid  and  hydrogen  are  produced* 
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Qbfcrvations  on  the  A&ion  which  the  Sulphate  of  Iron  exercijes  upon  Nitrous  Gas9  and  on 

the  Formation  of  Muriatic  Acid.    By  Citizen  Berthollet*. 


M 


•  HUMBOLDT  (in  the  Bulletin  des  Sciences,  No.  71  &  21)  had  afferted  that  the 
faculty  which  fulphate  of  iron  pofiefies  of  abforbing  nitrous  gas  without  the  azote  which 
might  be  mixed  with  it,  was  a  means  of  afccrtaming  with  precifion  the  purity  of  the  nitrous 
gas  employed  in  eudiometrical  experiments. 

Citizen  Berthollet,  on  the  contrary,  is  of  opinion,  that  in  this  cafe  the  nitrous  gas  is 
not  only  abforbed,  but  that  it  is  decompofed ;  that  the  oxygen  abandons  a  part  of  the 
azote,  and  forms,  with  the  other  part,  nitrous  acid;  that  this  decompofition  equally  takeg 
place  by  means  of  water,  mercury,  folution  of  pot-aQi,  or  of  hydrogenated  fulphuret  of 
alkali ;  that  it  is  more  or  lefs  complete  in  proportion  as  the  liquid,  in  conta&  with  this 
gas,  contains  bodies  which  have  a  greater  degree  of  affinity  to  nitrous  acid,  in  the  formation 
of  which  they  a  (Tift,  and  nitrites  are  formed %  that  in  the  decompofition  by  water,  there  is 
lefs  nitrate  of  ammoniac  and  more  nitrous  acid  formed  than  M.  Humboldt  imagined ; 
which  tends  to  prove  that  water  did  not  furnifh  the  whole  of  the  oxygen  of  the  acid,  fince 
the  quantity  of  acid  thus  formed,  is  far  more  confiderable  than  may  be  prefumed  from  the, 
exifting  quantity  of  ammoniac.  It  is  to  be  remarked  that  the  decompofition  becomes  more 
difficult  as  it  is  more  advanced,  and  the  gas  contains  lefs  oxygen.  Citizen  Berthollet  at- 
tributes the  differences  which  are  obfervable  in  nitrous  gas,  to  the  different  proportions  in 
which  the  oxygen  and  azote  are  combined,  and  he  does  not  think. they  are  owing  to  azote 
in  a  (late  of  fimple  mixture. 

It  is  a  known  faft,  that  oxigenated  muriatic  acid,  which  has  no  a&ion  upon,  azote, 
abforbs  nitrous  gas  very  well.  M.  Humboldt  obferved  in  this  abforption  a  refidue*  which 
he  attributed  to  azote  mixed  with  the  nitrous  gas.  Citizen  Berthollet  having  repeated  the 
experiment  with  nitrous  gas,  carefully  prepared,  found  a  refidue  fo  fmall  as  not  to 
deferve  notice. 

1 

In  a  word,  Citizen  Berthollet  reftores  to  hydrogenated  fulphuret  of  pot-afh  and  to 
phofphorus  the  property  of  taking  up  all  the  oxygen  of  the  atmofpheric  air ;  a  property 
which  had  been  contefted  by  M.  Humboldt,  who  fays,  that  nitrous  gas  always  indicated 
the  exiftence  of  a  refidue  of  oxygen  in  air  which  had  heen  fubmitted  to  their  a£Uon. 
Citizen  Berthollet  abfolutely  maintains  the  contrary.  Nitrous  gas  experienced  only  a  flight 
diminution  with  the  refidue  of  atmofpheric  air  decompofed  by  phofphorus  acid ;  and  he 
attributes  this  to  the  abforption  which  takes  place  in  the  nitrous  gas  of  that  portion  of 
phofphorus  which  had  been  taken  up  by  the  azote. 

•  Abridged  from  the  Memoirs  communicated  to  the  French  National  Inftitute  (in  the  Bulletin  de  la 
80c.  Philom.  No.  40.) 
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On  the  Nature  of  Muriatic  Acid. 

* 

Two  circumftances  induced  Citizen  Berthollet  to  entertain  fufpicions,  and  to  inveftigate 
the  nature  of  this  acid. 

The  one  is  that  which  is  announced  in  the  Bulletin,  NqI  17,  page  165,  where  M. 
Humboldt  fays,  that  muriate  of  iron  is  formed  by  the  abforption  of  nitrous  gas,  by  means 
of  fulphate  of  iron. 

The  otherj  which  had  been  obferved  by  Cavendifli,  is  the  precipitation  of  nitrate  of 
fihrer  into  muriate,  by  tfye  nitrite  of  pot-aQi  obtained  from  nitrate  of  pot-afli  in  part  de- 
compofed  by  fire.  By  adding  to  thefe  observations  the  circumftance  of  the  almoft  in- 
variable prefence  of  muriatic  acid  in  every  cafe  where  nitric  acid  is  formed,  and  by 
means  of  feveral  other  experiments  carefully  made,  Citizen  Berthollet  was  led  to  the 
difcovery  of  the  nature  of  muriatic  acid. 

He  ascertained  that  nitrous  gas  does  not  precipitate  the  Solution  of  Giver.    By  repeating 
the  experiment  of  Cavendifh,  with  nitrate  of  potato,  he  found  it  accurate,  and  was  more- 
over aflured  that  the  precipitation   could  not  proceed  from   the  nitrous  gas   of  the 
nitrite;  for, 

1  ft,  Nitrate  of  lime  does  not  produce  the  fame  refult. 

ad,jlf  a  folution  of  iron  be  made  in  nitric  acid,  and  it  be  fo  managed  as  to  load  it  with' 
this  metal,  little  ammoniac  is  formed  •,  the  folution  becomes  turbid,  and  it  does  not  prcci-: 
pitate  the  folution  of  filver.    If  a  frefh  quantity  of  iron  be  added  to  this  folution,  there  is> 
an  effervefcence,  with  a  precipitation  of  almoft  all  the  oxide  of  iron,  the  liquid  contains  more  - 
ammoniac,  together  with  muriatic  acid,  which  is  eafily  demonftrable  by  the  folution  of 
filver.    If  this  liquid  be  diftilled,  that  which  comes  over  contains  nothing  but  ammoniac ; 
the  muriatic  acid  remaining  in  the  retort  with  part  of  the  ammoniac. 

3d.  Nitric  folutions  of  tin,  of  zinc,  of  copper,  made  by  heat,  have  fometimes  yielded 
muriatic  acid.  But  it  is  to  be  remarked  that  this  acid  was  more  generally  found  in  pro- 
portion as  the  produ&ion  of  ammoniac  was  conGderable. 

In  thefe  experiments  there  are  anomalies,  the  caufe  of  which  citizen  Berthollet  has 
not  yet  been  able  to  affign.  But  they  already  prove  that  muriatic  acid  is  formed  under 
thefe  circumftances,  and  that  its  formation  cannot  be  attributed  to  the  prefence  of  pot-afh. 
The  principles  of  this  acid  muft  therefore  be  fought  for  in  water  and  nitric  acid. 

Its  incombuftibility,-  its  refiftance  to  decompofition,  prove,  that  if  it  contains  hydrogen 
and  oxigen,  thefe  two  bodies  are  not  predominant,  for  it  is  a  principle  of  the  theory  of 
affinities,  that  the  difficulty  of  deftroying  a  compound  is  in  proportion  to  the  fmaUnefs  of 
the  quantity  of  one  of  its  component  parts.  Almoft  all  the  proportions  of  the  combination* 
of  azote  and  oxigen  are  known.  Citizen  Berthollet,  therefore,  fuppofes  himfelf  to  be  juftified* 
in  thinking  that  muriatic  acid  is  a  triple  compofition  of  oxygen,  of  hydrogen  in  a  fmall 
quantity,  and  azote  in  a  greater  proportion.  By  adopting  this  opinion,  the  prefence  of 
muriatic  acid,  in  a  great  number  of  chemical  phenomena,  is  eafily  explained* 

3  Thus, 
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'  Thus  it  appears  (experiment  2.)  that  it  is  at  the  moment  when  the  iron  has  decompofed 
tlmoft  all  the  nitric  acid,  and  it  becomes  neceflary  alfo  to  decompofe  the  water,  in  order 
to  oxidate  more  metal;  that  the  muriatic  acid,  and  the  greateft  part  of  the  ammoniac^ 
is  formed  by  the  decompoGtion  of  the  water. 

It  is  to  the  prefence  of  oxygen,  azote,  and  hydrogen,  that  citizen  Berthollet  attributes 
the  formation  of  muriatic  acid  in  artificial  nitre  beds,  when  the  materials  do  not  pre- 
vioufly  contain  any  muriate. 

Although  muriatic  acid,  from  the  proportions  of  its  conftituent  principles,  ought  ftrongly 
to  refill  decompoGtion,  citizen  Berthollet  thinks  that  he  has  obferved  that  this  decompo- 
Gtion takes  place  under  fome  circumftances. 

He  thinks  that  the  refidue  which  is  left  by  oxygen  gas  difengaged  by  heat,  from  oxigenated 
muriate  of  pot-alh,  is  owing  to  the  decompoGtion  of  a  fmall  portion  of  this  acid.  He 
had,  at  firft,  attributed  this  refidue  to  a  foreign  caufe ;  but  having  remarked  that  it  was 
more  abundant  at  the  end  than  at  the  beginning  of  the  operation,  he  conceived  it  could  not 
refult  from  fuch  a  caufe. 

Citizen  Berthollet  clofes  his  Memoir,  by  (hewing,  from  more  accurate  experiments,  that 
the  black  colour  which  muriate  of  Giver  afiumes  from  light,  heat,  and  even  from  a  fimple 
current  of  air,  ought  not  to  be  attributed,  as  he  himfelf  had  fuppofed,  to  a  gafeous  dif- 
engagement  of  oxygen,  but  to  the  feparation  of  a  part  of  the  muriatic  acid,  without 
decompoGtion. 
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Banks,  Bart.  K.  B.  F.  R.  S.  (abridged  in  this  Journal,  IV.  p.  179.) 


FoJJil  Wood%  found  at  a  very  great  Elevation. 

Citizen  Villars  has  communicated  a  Memoir  to  the  national  inftitute  of  France,  in  which 
he  relates  his  hating  feen,  in  the  department  of  I/ere,  foflil  wood,  bedded  in  turf,  at  the 
height  of  2320  metres  above  the  (aftual  level  of  the  fea,  and  850  metres 

above  the  mod  elevated  fituation,  where  wood  grows,  at  prtfent.  The  moun- 
tain where  he  has  made  this  interefting  obfervation,  is  that  of  Lane,  m  the  canton  of 
Allans*    The  trees  which  are  found  are  The  roots,  and  parts 

of  the  trunk  are  obfervable.    The  latter  of  thefe  trees  110  longer  grows  in  the  vicinity. 

The  author  attributes  the  refrigeration  which  thefe  mountains  have  experienced  to  two 
leading  caufes  5  the  firft  ia  the  excavation  cf  the  valleys,  which  has  changed  the  elevation 
of  the  fummits  relative  to  their  bafe,  and  the  furrounding  country  •,  and  the  fecond  is  the 
deftrudion  of  the  ancient  forefts,  which  extended  contiguoufly  upwards  to  great  heights, 
but  cannot  again  grow  at  Gmilar  elevations,  when  once  deftroyed,  and  the  trees  thus 
deprived  of  their  mutual  flicker  and  defence.    Soc.  Philom.  No. 33. 


Extract  of  a  Letter  from  Mr.  Humphry  Davy,  dated  OEtoler  23.  fupplementary  to  his  Paper 

on  Gahmifm,  in  $be  prefent  Number* 

When  I  exhibited  to  Dr.  Beddoes  the  phenomenon  of  the  renovation  of  the  poweir  «f 
the  galvanic  pile,  after  it  bad  eeafed  to  aft  in  hydrogen,  nitrogen,  &c.  by  momentary 
immerfion  in  water,  holding  fti.ibhition  atmotyheric  air,  he  veqneftedme  to  try  whether 
oxygenated  muriatic  acid  gas,  folution  of  nitre>  Sec.  would  not  increafe  the  cffbQts.  The 
fear  of  deftroying  the  filvcr  prevented  me  at  tire  time  from  trying  the  experiment  on 
exigenated  mtrmtfc  acid  gas,  I  have  -finee,  however*  in  endeavouring  to  afceitain  whctfmr 
the  e)e£trieal  phenomena  of  galvanifm  were  producible  when  the  plates  of  the  pile  were 
efeidatiftg,  (feparated  from  eaeh-oAer  by  a  nbn~€ond*Oor,  and  in  coiKqA  with  an  aeriform 
fluid  only)  had  an  opportunity  of  obfervmg  the  vevy  great  power  of  this  4ubftffnce  intro- 
ducing the  galvanic  deeompofitton  of  water. 

Ten  paWs  of  plates  of  ■filver  and  zinc  were  tonnofted  by  cement,  to  as  to  prevent  tbe 
alternate  cofctaft  of  the  metal.    The  fpaces  filled  by  cMhs  in  the  common  pile,  were 

4  uffcrcd 
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(uffered  to  remain  open,  fo  as  to  admit  of  a  free  circulation  of  air.    A  tube,  with  water, 
and  filver  wires,  was  adapted  to  the  extreme  plates. 

This  pile  was  introduced,  without  being  moiftened,  into  a  vefiel,  provided  with  a, 
(topper,  filled  with  oxigenated  marine  acid  gas ;  but  no  perceptible  galvanic  a&ion  took 
place.  After  two  hours,  no  gas  had  formed  in  the  tube,  nor  had  any  oxidation  of  the 
zinc  wire  been  produced  #.  The  fame  pile  was  now  moiftened  by  immerfion  in  water. 
Before  and  after  it  Ijad  been  wiped,  it  (hewed  no  figns  of  aftion  in  the  atmofphcre.  It  was 
introduced  into  a  veflel  of  oxigenbted  marine  acid  gas,  opened  as  before  in  the  atmofphere. 
In  a  moment,  the  zinc  wire,  in  the  tube,  began  to  oxidate  with  the  greateft  rapidity,  whUft 
gas  was  given  plentifully  from  the  filver  wire.  The  procefs  continued  to  go  on  till 
the  green  colour  had  difappeared  in  the  cylinder. 

This  experiment  not  only  arranges  with  the  fa&s  of  Fabroni  and  Colonel  Haldane,  and 
ihofe  I  have  before  dated ;  but  likewife  feems  to  prove  that  the  chief  ufe  of  the  large 
furface  of  water  required  in  the  pile  of  Volta  is  to  oxidate  a  larger  quantity  of  zinc :  for 
in  this  inftance  very  minute  quantities  of  water  connected  $he  plates,  and  consequently 
very  minute  quantities  were  fufficient  to  enable  the  ele&rfcal  currents  to  form  the  circuit. 

I  am  at  prefent  engaged  in  endeavouring  to  ascertain  by  experiments  whether  any 
differences  exift  in  the  gafes  evolved  from  water  by  the  galvanic  current,  when  different 
oxidating  fubftances  form  the  medium  of  communication  between  the  plates.  When 
thefe  experiments  are  compleated,  or  at  fome  future  time  I  (hall  probably  offer  fome  obser- 
vations on  the  peculiar  affinities  which  enable  iron,  zinc,  &c.  to  decompose  water  only 
when  it  holds  in  folution  atmofpheric  air,  acids,  or  other  bodies  containing  oxygen.  On 
the  principles  befpre  laid  down,  "nothing  is  more  cafy  than  to  explain  the  ufe  of  sgtfiate 
of  foda,  muriate  of  ammoniac,  &c.  in  increasing  the  powers  of  the  conjunoa  pile. 

As  the  quantity  of  power  in  a  pile  is  probably  in  proportion  to  the  quantity  of  the 
oxidation  of  the  zinc,  and  the  number  of  the  feries  of  plates,  the  pile  of  Mr.  Cruickfhank, 
or  that  I  have  defctfbed,  will  probably.be  mod  ufeful  for  precedes,  in  which  much  galvanic' 
power  is  required.  In  thofe  procefles,  muriatic  acid,  or  very  diluted  nitrous  acid,  may  be 
ufed  as  the.  oxidating  fubftance  :  for  they  will  enable  the  plates  .to  a&  till  all  the  oxidable 
metal  is  deftroyed,  without  the  common  trouble  of  cleaning  and  rebuilding  the  pile. 


Analyfts  of  various  Fo/Jils. 

Trommsdorff,  who  has  lately  been  engaged  in  mineral  analyfes,  has  found,  that  the 
lapis  obfidianus  of  mount  Heckla  in  Iceland  is  compoicd  of  63  parts  of  filiccous  earth> 
20.5  parts  of  alumine,  and  13.5  parts  of  oxide  of  iron. 

That  the  heliotrope  of  Bohemia  contains  68  parts  of  filiceous  earth,  15  of  al  amine > 
10  of  oxide  of  iron. 

,*  * 

•  The  metal*  of  the  pile  bad  been  afte4  upaa  in  this  experiment,  and  were  warm  at  the  op©-  **- 
chifion  of  it. 

That 
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That  the  black  fdfpar  which  is  found  at  Unkcl  in  the  Bafaltes,  is  compofed  of  66.5 
parts  of  alumine,  15.0  of  Gliceous  earth,  6.5  of  oxide  of  iron,  and  4.0  of  oxide  of 
manganefe. 

That  the  blue  calcedony  of  Siberia  contains  only  filiceous  earth. 

That  rock  cryftal  is  the  fame  as  pure  filiceous  earth. 

That  the  Holzftein  of  Bareuth  contains  8o.o  parts  of  filiceous  earth,  11.0  of  alumine, 
3.0  of  oxide  of  iron,  1.0  of  oxide  of  chrome ;  which  proves  that  chroqne  is  alfo  found  in 
Germany.  He  fufpe&s  that  it  is  likewife  to  be  found  in  fcveral  other  of  the  foffilsof  this 
country.  ■ % 


Lime  in  the  Nut-gall. 

Prouft  did  not  obtain  time  from  the  nut  gall ;  Trommsdorff  afcertamed  the  prefence  of 
this  earth  with  prectfion. 

The  method  which  Prouft  propofes  to  procure  pure  gallic  acid  is  not  advantageous  $  at 
beft  it  is  good  for  feparating  this  acid  from  the  tanning  principle,  but  it  does  not  difen- 
gage  it  from  the  extractive  fbatter*  and  when  it  is  propofed  to  feparate  the  muriatic  acid 
1>y  evaporation,  the  elevated  temperature  which  is  neceflary  to  effect  it,  refolves  the  gallic 
•acid  into  its  principles,  or  at  leaft  carbonifes  it. 


Extra&ion  of  the  Alkali  of  Sea  Salt  by  Lame* 

decompoCtion  of  fulphate  of  foda  by  lime  in  order  to  obtain  that  alcali  cannot  be 
advantageous,  becaufe  this  earth  attacks  the  fait  only  in  proportion  as  it  is  itfelf  difiblved 
In  water. 


Method  of  obtaining  Phofphorus  by  Phofphate  of  Lead* 

Trommsdorff  has  made  new  attempts  to  render  Giobert's  procefs  ufeful,  by  precipi- 
tating urine  by  nitrate  and  acetite  of  lead ;  but  the  phofphorus  which  he  obtained  was  in 
fuch  fmall  quantities,  that  it  did  not  pay  the  expence  of  the  fire.  The  chemift  of  Turin 
would  be  juftified  in  affirming  that  his  method  is  the  beft,  if  his  precipitate  had  been  the 
pure  phofphate  of  lead.  But  the  reduced  lead  which  remains  in  the  retort  is  the  phof- 
phuret  of  that  metal. 


On  the  Mineral  Kermes,  and  the  golden  Sulphur  of  Antimony. 

Several  new  experiments  have  alfo  been  made  by  the  fame  chemift,  on  the  red  and 
orange  coloured  hydro- fulphurets  of  antimony,  and  he  is  perfectly  fatisfied  that  the  former 
•confifts  of  oxide  of  antimony  and  fulphurated  hydrogen ;  and  that  the  latter  is  compofed 
of  the  fame  principles,  and  a  portion  of  fulphur  not  bydrogenated.    By  directing  a  cur- 
rent 
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rent  of  fulphuratcd  hydrogen  gas  into  nitro-muriate  of  antimony,  kermet  immediately  falls 
down,  and  afterwards  when  there  is  a  fuflkient  quantity  of  acid  at  liberty  to  di(hydroge> 
natc  the  firlphur,  golden  fulphur  precipitates.  The  fame  gas  converts  all  the  antimony 
contained  in  the  acetite,  and  in  the  tartrite  of  this  metal  into  kermts,  which  procefs  af- 
fords the  means  of  procuring  this  preparation  of  a  nature  perfeftly  uniform*  * 


Elnftic  Refin-  in  Opium. 
M.  Bucholz,  a  friend  of  Trommsdorf,  has  lately  addrefled  a  very  curious  memoir  to- 
him  upon  opium,  which  he  means  to  infert  in  his  next  Journal.     He  found,  in  particular* 
that  opium  contains  a  great  quantity  of  elaftic  gum. 


Difcovery  of  a  New  Earth  in  the  Beryl  of  Georgen-Stadt.  ...... 

During  the  laft  ten  years  a  mineral  has  been  found  in  the  mines  near  Georgen-Stadt,.  to* 
which,  on  account  of  its  resemblance  to  the  beryl,  the  name  of  that  foflii  had  been  given*. 
Tronimsdorff  undertook  to  analyze  this  fubftance  in  the  hopes  of  finding  the  glucine,  butr 

inftead  of  that  earth  he  found  a  new  one,  or  one  which  was  different  from  thpfe  hitherto* 

» 

known. 

1  ft.  In  its  pure  ftate  it  refembles  alumine*.  2.  It  is  not  more  foluble  either  in  the  dry; 
or  humid  way  in  the  cauftic  alcalis,  than  in  their  carbonates.  3.  Ammoniac,  whether, 
cauftic  or  carbonated,  exercifes  no  a£tion  upon  k.  4,  It  retains  the  carbonic  acid  but 
weakly.  5.  It  acquires  hardnefs,.  but  not  fapidity  by  fire.  §.  It  is  not  foluble  in  water. 
7.  It  readily  unites  to  acids  with  which  it  forms  falts,.  which  have  little  or  no  tafte.  8- 
The  eattb,  hardened  by  fire*  diflblves  in  the  acids  with  the  fame  eafe  as  that  which  haa 
not  been  fo  treated.  9.  It  forms  with  fulphuric  acid  a  fait  little  foluble,  perfectly  infipid* 
which  when  it  is  acidulated  diflblves  without  difficulty,  and  becomes  cryftallized  in  ftars* 
io.  Superfaturated  with  phofphoric  acid  it  affords  a  very  foluble  fait  1 1.  Its  acetite  is  of 
very  fparing  folubility.  Its,  other  chara&eriftics,  as  well  as  his  procefs  of  analyfis,  will  be 
detailed  in  the  ift  part  of  the  8th  Volume  of  his  Journal.  He  has  given  the  name  of. 
jigujiine  to  this  new  earth,  from  its  property  of  forming  with  acids  falts  without  tafte  *; 


On  the  Method  of  hearing  by  the  Teeth. 

Citizen  Vidron*  mufic  mafter  at  Paris,  has  announced  the  difcovery  of  a  method  of  ren- 
dering mufic  audible  by  perfons  deaf  and  dumb  from  their  birth. 

Citizens  Hauy,  Lacepede,  and  Cuvier,  who  were  appointed  by  the  National  Ihftituteto^ 
examine  this  difcovery,  made  their  report  (the  21-  Meffidor)  in  the  year  8'  (July  21* 
1800.) 

*  See  Annates  de  Chimie  XXXII.  2-57,  for  an  account  of  all  the  circnmftanccs  which  determine  die 
formation  of  the  different  fulphurets  of  antimony.    French  editor. . 
f  The  laft  feven  articles  are  translated  from  a  letter  of  Tjommsdorff  in  the  Annates  de  Chimie  XXXIV. . 

Gitizeit*. 
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Citizen  VJdrott  ufe&  a  rod  of  ftecl,  one  end  of  which  he  pbecs  upon  the  fated-fettiA 
of  the  mufieal  iriftfiment,  and  the  other  between  the  teeth  of  the  deaf  perfoa*  He  adds  t6 
it  a  branch  terminated  by  a  brafs  button  which  refts  oponr  the  cavity  of  the  ftomachi,  and 
foraethnes  a  third  which  he  places  upon  the  head. 

The  commiffibtiers  have  found  that  many  authors  hare  announced  the  h&  of  the  deaf 
being  made  to  hear  by  putting  their  teeth  in  communication  with  the  inftrument  by  means 
of  a  (tick,  a  goblet,  or  fome  other  body.  They  hare  quoted,  amongft  others,  Fabricius 
lyAquapcndente*  Schelhammer,  Boerhaave,  Winkla,  and  Joriflen. 

They  have  alfo  found  that  in  like  eircumftances  fteel  is  better  for  th$  purpofe  than  wood, 
which  had  been  almoft  generally  ufed  before  the  time  of  citizen  Vidron ;  but  that  his  two 
branches  are  of  no  ufe  with  refpeft  to  what  may  properly  be  called  hearing. 

They  particularly  endeavoured  to  determine  to  what  extent  this  method  might  be  ufeful ; 
a5  well  with  refpeft  Co  the  different  kinds  of  deafnefo,  as  to  the  different  kinds  of  founds 
which  are  propofed  to  be  retfdfered  audible. 

They  produced  an  artificial'  deafnefs  in  themfef?cs  by  (topping  their  6ztt,  and  retiring 
to  a  diftance.  In  both  cafes  they  heard  diftinSly  by  mean*  of  die  (teel  rod,  and  the  founds 
appeared  to  them  to  proceed  from  within  this  tfod1,  and  not  from  their  true  place. 

But  the  perfons,  really  deaf,  whom  they  have  examined  presented  very  different  refiittfr; 
Some  of  them  manifelUy  heard ;  but  the  greater  number  declared  they  only  experienced  a 
tremulous  a£tion  mote  or  lefs  general. 

The  commiffioncfd  cdnctocte,  that  this  method  may  be  ferviceabte  m  deafnef*  which 
only  proceeds  from  obftrft&ibns  in  the  external  paffagc,  but  that  it  is  ufelefs  in  that  which 
is  caufed  by  a  parafyfis  of  the  neYve,  or  an  effentfof  derangement  in  the  interior  part;  whieh 
is  the  molt  common  kind  of  dieafnefc,  efpectalfy  in  thofe  who  are  deaf  from  their  birth. 
They  think  it  proper,  neVerthfefefe,  to  make  the  etperime^tft  on  all  young  perfons  who  zr6 
deaf,  fince  if  only  one  out  of  an  hundred  flloirld  derive  benefit  frdm  it,  to  that  one  at  lead 
it  would  be  a  foiirte  of  enjoyment. 

As  to  articulated  fomicb  or  fpeech  the  commiffioners  found  that  it  was  almoft  imp6ffibie 
to  hope  for  an  exaft  tfanftttifiion  of  them  by  this  method,  at  lead  in  its  prefent  ftate. 

Sdciete  Philomath.  No.  41. 


*#+*'Mr.  Leflie  has  favoured  me  with  a  corre&ion  of  his  paper,  where  page  346,  line  19, 

for  public  opinion  the  words  popular  epinion  are  to  be  fubftituted.     And  he  fears,  that 

,  .  other  verbal  inaccuracies  may  have  occurred,  as  the  copy  was  written  in  hade,  and 

the  unexpected  abfencc  of  the  author,  during  the  impreffion,  prevented  any  fubfequent 

revifion. 
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ARTICLE    I. 

On  the  Number  of  the  Primitive  Colorific  Rays  in  Solar  Light.    By  the  Rev.  Mattbew 

Young,  D.  D.  S.  F.  T.  C.  D.  to*  M.  R.  I.  A. 


T, 


HE  Opinion  that  there  are  but  three  primitive  colours  has  been  maintained  by  M.  du 
Fay,'  and  after  him  by  Father  Caftelli.  See  Montucla,  VoL  I.  p.  630.  $  but  they  and  all 
others  who  hold  the  fame  do£trine,  defend  it  merely  on  the .  principles  of  a  painter,  who 
(hews  how  with  thefe  three  colours  on  his  pallet,  he  can  compound  all  others ;  for  with 
red  and  yellow  he  can  form  an  orange  colour ;  with  blue  and  yellow  he  forms  green ;  and 
with  blue  and  red  he  forms  indigo  and  violet ;  and  thus  having  compounded  the  feven  prif- 
matic  colours,  it  is  manifest  that  all  other  colours,  with  their  different  gradations,  can  be 
formed  from  them  likewife.  But  this  pharmaceutical  argument  is  by  no  means  fufficient  to 
fatisfy  us  as  to  the  real  compofition  of  folar  light. 

"  Light,  in  refra&ing,  is  decompofed  into  feven  rays,  red,  orange,  yellow,  green, 
"  blue,  indigo  and  violet.  It  has  been  fuppofed,"  fays  Fourcroy,  "  that  three  of  thefe 
"  colours,  the  red,  yellow,  and  blue,  wereiimplej  and  that  the  other  four  were  formed 
c<  each  of  its  two  neighbours ;  that  is,  the  orange  from  the  red  and  yellow,  the  green  from' 
"  the  yellow  and  blue,  the  indigo  from  the  blue  stfid  violet,  and  the  violet  from  the  red 
"  and  indigo.    But  this  fuppofition  has  never  been  proved."    See  his  Philofophy  of  Chern. 
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386  On  the  Number  of  the  Primitive  Colorific  Rays  in  Solar  Light, 

chap.  i.  §  3.  Befides  that  this  is  a  mere  hypothefis,  unsupported  by  any  fa&>  as  Fourcroy 
obferves,  we  remark,  that  it  is  in  itfelf  inadequate  f  id,  bec^ufe  in  the  folar  fpectrum,  the 
red  and  indigo  are  not  neighbouring  colours,  but  are  almoft  at  the  greateft  poffible  didance 
from  each  other.  adly,  According  to  this  hypothefis,  indigo  is  compofed  of  blue  and  vio- 
let; but  violet  is  compofed  of  red  and  indigo;  indigo  therefore  is  compofed  of  red,  blue 
and  indigo,  that  is,  indigo  itfejf  is  one  of  its  own  eflenjtial  ingredients,  which  is  abfurd. 

The  experiments  of  the  prifm  feem  to  eftablifh,  in  a  very  clear  manner,  the  exidence  of 
feven  original  and  uncompounded  colours;  and  though  green,  for  inftance,  may  be  com- 
pounded of  blue  and  yellow,  yet  it  does  not  directly  follow  from  thence,  that  it  always  is 
fo  actually  compounded.  Accordingly  Newton  tells  us,  that  green  may  be  exhibited  in~ 
two  different  ways,  either  by  primitive,  green -making  rays,  which  are  Simple  and  not  re- 
solvable by  any  reflection  or  refraction  into  different  rays ;  or  by  a  compofition  of  blue  and 
yellow  rays,  which  are  differently  refrangible,  and  which  therefore  after  their  union,  may 
again  be  feparated  by  refraction,  and  exhibit  their  proper  colours  of  blue  and  yellow. 

On  this  doctrine  of  the  two-fold  generation  of  green,  we  may  in  the  firft  place  remark, 
that  the  ancient,  received  axiom  "  Deus  nil  agitfuftra"  ought  not  to  be  too  haftily  aban- 
doned, as  it  mud  appear  to  be,  if  this  doctrine  be  maintained  :  for  if  green  may  be  pro- 
duced by  blue  and  yellow,  then  blue  and  yellow  being  already  exident,  green  is  a  confe- 
quence ;  and  therefore  peculiar  rays  formed  for  the  production  of  green  are  Superfluous. 
Though  I  acknowledge,  that  this  maxim  is  not  fo  cogent  or  felf-evident,  as  to  preclude  all 
objection,  yet  fince  the  general  obfervation  of  nature  feems  to  (hew,  that  this  wade  of 
power  or  multiplicity  of  means  is  not  adopted  by  the  Supreme  Artift,  it  certainly  feems 
juftly  entitled  to  our  attention,  at  lead  fo  far  as  this,  that  we  (hould  be  careful  in  (hewing, 
that  we  are  led  to  thefe  different  caufes  of  the  fame  effect,  by  a  legitimate  and  cautious 
analyfis.  * 

In  defence  of  the  doctrine  of  three  primitive  colours  only,  F.  Caftelli  contents  himfelf 
with  faying,  that  the  colours  of  the  prifm  are  immaterial,  accidental,  artificial,  and  there- 
fore unworthy  the  regard  of  a  philofopher ;  whereas  the  colours  of  painters  are  fubftantial, 
natural,  palpable.  From  them,  of  confequence,  the  theory  of  chromatics  fhould  be  de- 
duced 5  but  they  tell  us*  that  there  are  but  three  parent  colours,  which  give  birth  to  all 
others. 

In  reply  to  this  we  need  only  obferve,  that  Sir  I.  Newton  has  proved,  that  the  colours 
of  natural  bodies  depend  on  the  colorific  qualities  of  the  rays  of  light ;  and  therefore  that 
our  theory  of  colours  muft  be  derived  from  an  enquiry  into  the  conditution  of  folar  light, 
for  according  to  that  conftitution  the  colours  of  bodies  will  vary  :  and  he  farther  {hews, 
that  if  folar  light  confided  of  but  one  fort  of  rays,  all  bodies  in  the  world  would  be  of  the 
fame  colour.  However  true  therefore  F.  Cadelli's  theory  may  be,  the  manner  in  which  he 
deduces  it  from  phenomena  is  unquedionably  falfe, 

I  (hall  therefore  proceed  to  enquire  fcrupulouily  into  the  compofition  of  the  folar  Spec- 
trum, from  which)  without  doubt}  the  true  doctrine  of  the  origin  of  colours  is  to  be 
derived. 

•'      ■       .  .  •  If 
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If  the  folar  light  conGfled  of  feven  primitive,  homogeneal  coloured  rays,  ^nd  that  thefe 
homogeneal  rays  were  equally  refrangible,  the  fpe&rurq  would  confift  of  feven  circles  of 
different  colours,  fince  the  homogeneal  rays  of  each  colour  would  paint  a  circular  image  of 
the  fun.  But  it  is  manifeft,  that  feven  circles  could  not  compofe  an  oblong  fpe&rum, 
with  re&ilineal  fides.  Therefore  the  rays  of  the  fame  denomination  of  colour  muft  be 
differently  refrangible.  Which  is  alfo  made  dill  farther  evident  by  obfervation  of  the  fpcc- 
trum,  fince  in  it  we  perceive,  that  the  prifmatic  colours  are  difiufed  over  fpaces,  which 
are,  on  the  fides,  terminated  by  right  lines,  and  therefore  the  centers  of  the  circles  of  the 
fame  denomination  of  colour  are  diffufed  over  lines  equal  to  thefe  fegments  of  the  re&ili- 
neal  fides  of  the  fpe&rum.  Newton  has  (hewn,  prop.  4.  B.  1.  Optics,  how  to  feparate 
from  one  another  die  heterogeneous  rays  of  compound  light,  by  diminifhing  the  breadth  of 
the  fpe&ruin,  its  length  remaining  unchanged;  and  when  the  length  of  the  fpe&rum  is  to 
its  breadth,  as  72  to  1,  the  light  of  the  image  is  feventy-one  times  lefs  compound  than  the 
fun's  direft  light.  In  the  middle  of  a  black  paper  he  made  a  round Tiole,  about  a  fifth  or  a 
fixth  part  of  an  inch  in  diameter,  upon  which  he  caufed  this  fpe&rum  fo  to  fall,  that  fome 
part  of  the  light  might  pafs  through  the  whole  of  the  paper ;  this  transmitted  part  of  the 
light  he  refra&ed  with  a  prifm  placed  behind  the  paper,  and  letting  the  light  fall  perpen- 
dicularly upon  a  white  paper,  he  found  that  the  fpe&rum  formed  by  it  was  perfe&ly  cir- 
cular. Hence,  therefore,  it  follows,  that  the  equally  refrangible  rays  occupy  a  fpace  on 
the  re&ilineal  fides  of  the  fpe&rum  equal  at  lead  to  the  fifth  or  fixth  part  of  an  inch ;  that 
is,  the  rays  of  the  fame  colour  are  differently  refrangible. 

The  different  quantity  of  the  homogeneous  rays  of  different  colours  will  not  account  for 
the  different  fpaces  they  occupy  in  the  fpe&rum ;  for  this  difference  in  quantity  would 
affeft  only  the  intenfity  of  the  colour,  not  the  magnitude  of  the  fpace  which  it  would  oc- 
cupy. ^  All  the  red  light  therefore  is  not  homogeneous ;  but  confifts  of  rays  of  innumera- 
ble, different  degrees  of  refrangibility ;  and  fo  of  the  other  colours. 

Now  fince  the  rays  which  are  of  the  fame  denomination  of  colour  are  differently  refran- 
gible, they  will  either  form  oblong  fpe&rums  detached  from  each  other;  or  they  will  in 
part  lap  over,  and  fall  on  each  other.  The  former  pofition  is  manifeftly  falfe :  therefore 
the  original  prifmatic  colours  will  partly  lap  over  and  fall  on  each  other,  and  therefore  nc- 
ceffarily  generate  the  intermediate  colours.  And  fo  Sir  I.  Newton  obferves,  where  he  faySf, 
that  the  original,  prifmatic  colours  will  not  be  difturbed  by  the  intermixture  of  the  con- 
terminous rays,  which  are  intermixed  together.  This  overlapping  however,  which  Newton 
fpeaks  of,  arifes  only  from  the  fun's  having  a  fenfible  diameter,  and  does  not  neceffarily 
imply  an  equal  refrangibility  in  any  differently  coloured  rays.  If  there  be  but  three  original 
prifmatic  colours,  red,  yellow,  and  blue,  and  that  the  red  and  yellow  lap  over,  fo  as  that 
there  (hall  be  a  certain  fpace  in  the  fides  of  the  fpe&rum  equally  occupied  by  yellow  and 
red  circles,  then  will  thefe  circles  by  their  intermixture  compound  an  orange  colour ;  and 
this  colour  as  to  refrangibility  will  be  homogeneous,  becaufe  the  coincident  rays  of  dif- 
ferent colours  are  equally  refrangible.    In  like  manner  green  may  be  compounded  by  the 
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mixture  of  biue  and.  yellow  circles,  equally  refrangible.  Now  this  is  Ample,  ami  con- 
formable to  the  other  phenomena  of  the  fpeftrum  ;  for  if  rays  of  the  fame  denomination 
of  colour  be  differently  refrangible,  it  is  not  unreasonable  to  fuppofe,  that  rays-  of  a  dif- 
ferent denomination  of  colour  may  be  equally  refrangible  ;  and  therefore  fince  the  red  rays 
are  unequally  refrangible,  and  likewife  the  yellow,'  there  is  nothing  incongruous  in  fup- 
pofing  that  fome  of  the  lefs  refrangible  of  the  yellow  may  be  equally  refrangible  with  fome 
of  the  more  refrangible  of  the  red ;  and  if  fo,  they  will  confequently  be  intermixed  with 
them  :  and  the  fame  may  be  fatd  of^  the  green.  This  hypo  the  (is  likewife  receives  confe- 
derate ftrength  from  this  conGderation,  that  the  orange,  green,  indigo,  and  violet  occupy 
thofe  places  which  they  ought  to  do,  in  cafe  there  were  but  three  primitive  colours,  red, 
yellow,  and  blue  :  thus  the  orange  lies  between  the  red  and  yellow,  becaufe  it  is  formed 
by  fome  of  the  extreme  rays  of  red  and  yellow,  which  are  equally  refrangible;  in  like 
manner  the  green  lies  between  the  blue  and  yellow,  becaufe  it  is  formed  by  the  mixture 
of  blue  and  yellow.  The  indigo  and  violet  muil  alfo  occupy  the  extreme  part  of  the 
fpe&rum,  where  the  mod  refrangible  red  and  blue  rays  are  united,  and  gradually  becom- 
ing more  and  more  dilute,  fade  away,  and  at  length  entirely  varum.  But  if  the  orange, 
green,  indigo  and  violet  be  primitive  colours,  there  is  no  apparent  reafon  why  they  fhould 
have  had  fuch  degrees  of  refrangibility  afligned  them,  as  that  they  fhould  occupy  the 
places  they  do,  rather  than  any  other. 

Moreover,  if  thefe  three  colours  red,  yellow,  and  blue  be  the  primitive  colour^,  they 
cannot  themfelves  be  generated  ;  and  accordingly  we  find,  that  yellow  cannot  be  generated 
by  the  mixture  of  the  adjacent  prifmatic  colours,  orange  and  green  ;  and  the  reafon  of  this 
is  evident,  becaufe  orange  is  compounded  of  red  and  yellow;  and  green  is  compounded  of 
yellow  and  blue  ;  but  red  and  blue  compofe  purple ;  which  added  to  the  yellow  will  gene- 
rate a  new  compound  colour,  viz.  a  fickly  green,  differing  manifestly  from  yellow,  the 
colour  which  ought  to  refult  according  to  the  analogy  of  the  other  primitive  colours,  in 
which  the  extremes,  by  their  mixture,  generate  that  which  is  intermediate.  In  the  fame 
manner,  blue  cannot  be  generated  by  the  mixture  of  green  and  indigo,  becaufe  green  is 
compofed  of  yellow  and  blue,  and  indigo  of  blue  and  violet;  therefore  the  refulting  colour 
is  compofed  of  blue,  yellow,  and  violet;  but  yellow  and  violet  do  not  compofe  blue,  there- 
fore neither  will  blue,  yellow,  and  violet  compofe  a  blue  colour.  Now  if  orange  and 
green  be  primitive  colours,  in  the  fame  manner  as  red,  yellow,  and  blue,  we  can  aflign  no 
reafon  why  blue  fhould  not  be  generated  by  the  mixture  of  the  adjacent  colours,  as  well  as 
green  and  orange.  But  it  is  a  received  principle,  that  an  hypothefis  fhould  folve  all  the 
phxnomena;  of  -the  two  hypothefes  therefore,  namely,  that  there  are  feven  primitive  co- 
lours, differently  refrangible ;  or  that  there  are  but  three,  fome  of  which,  of  each  fpecies, 
are  equally  refrangible ;.  the  latter  alone  folves  all  the  phenomena  of  the  folar  ipe£brum, 
and  therefore  is  to  be  preferred. 

If  it  be  faid,  that  thofe  rays  which  are  equally  refrangible  muft  excite  the  fame  fenfation 
on  the  retina,  becaufe  they  muft  have  the  fame  momentum ;  it  is  replied,  ift,  That  it  has 
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not  yet  been  proved,  that  the  feafation  of  different  colours  depends  on  the  different  mo* 
mcntum  of  the  rays..    2dly,  The  rays  may  have  different  momentum^,  and  yet  be  equally  - 
refrangible ;  for  fince  refra&ion  is  fappofed  to  depend  on  the  attractive  force  of  the  denfer  , 
medium,  we  muft  fuppofe  it  analogous  to  the  attractive  force  of  gravity,  which  is  propor- 
tional to  the  quantity  of  matter;  and  therefore  the  greater  or  lefs  quantity  of  matter  in"  a 
particle  of  light  would  produce  no  alteration  in  its  refraCtion.     Neither  can  the  different 
refrangibility  depend  on  the  different  velocity  of  the  rays ;  •  becaufe  the  difference  of'refran- 
gibility  of  the  red  and  violet  rays  %is  much  greater  in   flint  glaf3  than  in  crown  glafs  ;  and 
this  would  require  a  proportion  ably  greater  difference  in  the  original  velocities,  which  can* 
not  be.     And  this  fame  argument  holds  equally  againft  #the  former  hypothefis,  that  the 
difference  of  refrangibility  depends  on  the  different  magnitude  or  denfity  of  the  particles  of 
light.     3dly,  Refra&ion  feems  to  arife  from  a  fpecies  of  elective  attraction,  fince  different 
mediums  which  aft  on  the  mean  rays  equally,  a£t  on  the  extreme  rays  unequally :  hence 
rays  of  the  fame  quantity  of  matter  and  velocity,  and  therefore-  of  the  fame  momentum* 
may  be  diverfely  refrafted ;  and  rays  of  different  momentums  equally  refrafted. 

Nor  is  it  to  be  wondered  at  that  the  rays  of  light  (hould  be  differently  refrangible,  inde- 
pendent of  any  regard  to  their  momentum,  when  we  confider,  that  the  different  coloured 
rays  appear  to  be  combined  with  combuftible  bodies,  with  different  degrees  of  attractive 
force.  For  in  combuftion  we  find,  that  different  bodies  arc  difpofed  to  part  with  different 
rays  with  greater  facility;  but  when  the  combuftion  is  fufliciently  rapid,  they  part  with  all 
the  different  coloured  rays  together,  and  the  flame  is  therefore  white  ;  and  fins  is  what  is 
called  a  white  heat.  Dr.  Fordyce  in  the  Phil.  Tranf.  for  1776,  tells  us,  that  when  the 
heated  fubftances  are  colourlefs,  they  fijrft  emit  a  red  light ;  then  a  red  mixed  with  vellow, 
and  laftly,  with  a  great  degree  of  heat,  a  pure  white.  AH  this  is  wonderfully  conformable 
to  the  refraction  of  light  by  tranfparent  fubftances,  which  refraft,  and  therefore  attract  the 
*  red  light  lefsi  and  consequently ^in  combuftion  part  with  it  more  eafily.  On  the  other 
hand  I  know  it  is  generally  believed,  that  the  light  in  combuftion  proceeds  from  the  airj 
but  this  circumftance  of  the  different  colour  of  the  light  in  different  cafes,  feems  to  over- 
turn this  opinion  ;  for  if  vital  air  were  oxygen  diflblved  in  caloric  and  light,  then  the  oxy- 
gen being  abforbed  by  the  burning  body,  the  light  extricated  would  in  all  cafes  be  of.  the 
9  0  t  uftion  would  only  produce  an  extrica- 
tion of  a  greater  or  lefs  quantity  of  light,  but  could  not  produce  any  variation  in  its  nature* 
it  being  neceffarily  the  fame  in  all  cafes,  to  wit,  that  in  which  vital  air  is  diflblved.  But 
the  truth  or  falfhood  of  this  reafoning  will  not  affeft  the  validity  of  the  pofition,  that  the 
refrangibility  of  the  rays  of  light  cannot  depend  on  the  different  magnitude,  denfity,  or 
velocity  of  the  particles. 

But  though  fpeculation  feems  thus  to  render  it  probable,  that  there  are  .but  three  parent 

colours ;  our  theory  muft  ever  remain  unfatisfaCtory,  unlefs  it  receives  the  fan£tion  of  dire  ft 

experiment.     In  this  however  there  is  no  fmall  difficulty ;  for  fince  the  ray6  of  light  which 

compofe  any  given  individual  point  of  the  colours  of  orange,  green,  violet,, and  indigo  are 
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equally  refrangible,  they  will  be  alfo  equally  reflexible ;  and  therefore  cannot  be  feparate4 
either  by  refra&ion  or  refle&ion,  fo  as  to  exhibit  the  different  coloured  rays  of  which  they 
are  compofcd.  It  feems  therefore,  that  the  only  way  remaining,  by  which  we  can  expe- 
rimentally afcertain  the  compofition  of  thele  colours,  if  they  be  indeed  compound,  is  tranf- 
fniffion.  For  fince  tranfparent  coloured  bodies  are  fuch  merely  by  their  letting  pafs  through 
them  either  folely,  or  more  copioufly,  rays  of  a  certain  colour,  and  intercepting  all  others, 
fuch  tranfparent  bodies,  applied  to  compound  colours,  will .  afcertain  that  compofition,  by 
extinguiftiing,  in  a  great  meafure,  all  rays  except  fuch  as  are  fo  adapted  to  its  conforma- 
tion, as  to  pafs  through  it,  and  give  it  its  peculiar  denomination  of  colour. 

In  order  to  try  the  truth  of  the  hypothefis  of  feven  colours  by  this  teft,  I  looked  through 
a  blue  glafs  at  the  red  end  of  the  fpe&rum  :  now  we  are  to  confider,  that  if  that  part  of  the 
fpe&rum  was  compofed  of  red  rays,  and  none  other,  the  only  effe&  of  the  blue  glafs  would 
either  be  a  total  or  partial  fuffocation  of  the  red  rays ;  and  therefore  that  part  of  the  fpec- 
trum,  when  looked  at  through  the  glafs,  would  either  totally  difappear,  or  become  a  faint 
and  diluted  red.  But,  on  experiment  it  appeared  of  a  purple  colour.  The  purple  in  this 
cafe  could  not  be  a  primitive  and  original  colour,  as  is  manifed,  becaufe  it  did  not  proceed 
from  the  purple  pait  of  the  fpe&rum;  we  muft  therefore  conclude,  that  it  was  a  compound 
colour.  But  purple,  when  compound,  is  made  up  of  blue  and  red,  therefore  it  follows, 
that  fome  blue  rays  did  a&ually  exift  in  the  red  part  of  the  fpe&rum  :  which  combined 
with  the  few,  draggling  red  rays  which  penetrated  the  blue  glafs,  compofed  that  purple 
colour,  which  the  red  extremity  of  the  fpe&rum  aflumed,  when  viewed  by  the  light  tranf* 
mitted  through  the  blue  medium. 

To  try,  on  the  other  hand,  whether  any  red  rays  lay  hid  amongft  die  blue,  I  proceeded 
in  the  fame  manner,  and  looking  at  the  blued  part  of  the  fpe&rum  through  a  red  glafs,  it 
appeared  of  a  purple  colour : .  fome  red  rays  therefore  are  equally  refrangible  with  the 
blue  ;  and  if  the  red  extends  as  far  as  the  blue,  there  is  no  reafon  why  we  may  hot  fuppofe 
that  it  extends  fomewhat  farther,  fo  as  to  compound,  with  a  diluted  blue,  the  extreme 
colours  of  the  fpe&rum,  indigo  and  violet. 

But  it  may  be  faid,  that  if  blue  rays  exided  amongd  the  red,  that  part  of  the  fpe&rum 
jcould  not  appear  fo  extremely  brilliant  as  it  really  does  \  but  would  put  on  a  purplifli  ap- 
pearance in  the  fpe&rum  itfelf,  even  to  the  naked  eye.  In  anfwer  to  this  obje&ion  we  may 
obferve,  that  the  mod  intenfe  and  vivid,  natural  red  bodies  do,  in  fa&,  refle&  a  very  great 
proportion  of  blue  rays,  becaufe  they  appear  of  a  drbnj*  blue  colour  when  placed  in  the 
blue  part  of  the  fpe&rum  ;  and  therefore  they  refle&  jud  as  many  when  the  dire&,  white 
folar  light  falls  on  them,  in  which  all  that  blue  is  involved  ;  though  by  the  predominance 
of  the  red  rays,  they  appear  of  that  colour,  without  any  vifible  tin&ure  of  blue. 

In  order  to  determine  whether  the  purple  appearance  of  the  red  extremity  of  the  fpec- 

trum,  when  viewed  through  a  blue  glafs,  was  caufed  by  any  ef  the  white  folar  light,  which 

might  perhaps  be  refle&ed  from  the  air,  or  furrounding  obje&s  to  the  fpe&rum,  and  thus 

throw  on  that  part  fuch  a  quantity  of  blue  as  might  produce  a  fenfible  effe& ;  \  caufed  the 
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Middle  and  mod  intenfe  part  of  the  red  to  pafs  through  a  hole  in  a  blackened  paper,  and 
then  fall  on  an  optical  fcreen  \  by  which  I  was  fure  that  I  had  as  pure  and  uncompounded 
a  red  as  could  be  defired  ;  which  alfo  underwent  the  ufual  ted  of  purity  by  fubfequent  re- 
fraction,  without  any  change  in  the  form  of  the  fpe&rum ;  I  then  looked  at  the  body 
which  was  illuminated  with  this  red,  through  the  fame  blue  glafs,  and  the  effett  was  the 
fame  as  before. 

To  try  this  do&rine  of  three  parent  colours  dill  farther,  I  confidered,  that  if  the  orange 
were  really  compounded  of  the  red  and  yellow  rays,  then  by  looking  at  the  orange  through 
a  red  glafs,  the  orange  would  in  a  great  meafure  vanifh,  and  the  red  would  appear  to  ex- 
tend much  farther  than  in  the  original  fpedrum  \  becaufe  the  yellow  rays  being  confider- 
ably  obftru£ted,  the  red  would  become  more  predominant ;  and  that  part  of  the  fpeftrum* 
which  before  appeared  orange,  in  confequence  of  a  certain  mixture  of  yellow  and  red, 
would  now,  by  the  failure  of  fo  con fider able  a  part  of  the  yellow,  lofe  its  orange  appear- 
ance, and  put  on  that  of  red :  and,  on  experiment,  I  found  the  cafe  to  be  fo  really  in  fa£t ; 
for  while  an  a  (Tift  ant  looked  at  the  fpeftrum  through  the  red  glafs,  I  moved  an  obftacle 
from  the  red  towards  the  other  end  of  the  fpeftrum,  defiring  him  to  flop  me,  when  the 
obftacle  fliould  arrive  at  the  confines  of  red' and  orange;  but  when  he  did  fo,  the  obftacle 
had  attained  the  middle  of  the  orange,  or  rather  had  pafTed  beyond  it.  Now  if  the  orange 
were  really  a  primitive  colour,  I  fhould  fuppofe,  that  when  looked  at  through  the  red  glafs, 
it  would  either  appear  diluted,  without  any  change  of  dimenfions;  or  that  if  the  weak  part 
of  the  orange,  next  the  red,  fhould  vanifh,  by  the  obftru&ion  of  the  glafs,  a  dark  interval 
would  appear  between  the  orange  and  the  red ;  in  neither  cafe  can  we  account  for  the 
apparent  extenfion  of  the  red  into  the  region  of  the  orange ;  nor  by  any  other  hypothefis, 
as  appears  to  me,  than  that  fome  of  the  red  rays  are  equally  refrangible  with  fome  of  the 
orange. 

There  is  another  argument  derived  from  the  ocular  fpe&ra  of  Dr.  Darwin,  which  ftill 
further  corroborates  the  do&rine  of  three  primogenial  colours.  Place  a  piece  of  coloured 
(ilk,*  about  an  inch  in  diameter,  on  a  fheet  of  white  paper,  about  half  a  yard  from  your 
eyes ;  look  fteadily  upon  it  for  a  minute  ;  then  remove  your  eyes  upon  another  part  of  the 
white  paper,,  and  a  fpe&rum  will  be  feen  of  the  form  of  the  (ilk  thus  infpe&ed,  but  of  a 
different  colour,  thus 

Red  filk  produced  a  green  fpe&rum, 


Green 

red, 

Orange 
Blue 
Yellow 
Violet 

blue, 
orange, 
violet, 
yellow. 

The  reafon  of  thefc  phenomena  is  very  ingenioufly  affigned  by  Dr.  Darwin ;  he  fays, 
that  the  retina  being  excited  into  a  violent  and  long  continued  afiion  by  the  red  rays,  in 
the  firft  experiment,  at  length  is  fo  fatigued  as  to  become  infcnfible  to  them  i  but  that  it 

ftill 


39* 


,   On&t Kumitr ef&t Primitive Cobrijic Rays iftSttorZJgii. 


ftiil  remains  fenfibie^  that  is,  Cable  to  be  excited  into  aftion  by  any  other  colours  at  the 
fame  time ;  and  therefore  the  fpe&rum  affumes  a  green  appearance,  becaufe  if  all  the  red 
rays  be  taken but  of  the  iblar  light,  the  remaining  rays  will  compofe  green.  See  PhiL 
Tranf.  VoL  LXXVI.  Converfely,  a  green  object  produces  a  red  ocular  fpe&rum.  .Now 
we  may  obferve,  that  if  all  the  green  rays  be  taken  out  of  the  folar  fpe&rum  of  feven  co- 
lours, the  remaining  colours  will  not  compound  red.  If  indeed  green  be  not  a  primitivci 
colour,  but  a  compofitian  of  blue  and  yellow,  then  will  the  eye,  in  looking  on  a  green 
obje&,  be  at  once  affe&ed  by  blue  and  yellow  rays ;  and  therefore  become  infenfibie  to 

~  them  both ;  and  con  fluently  the  <fpe£frum  will  appear  red.  But  if  green  be  a  primitive* 
original  colour,  generated  by  its  own  peculiar  green-making  rays*  the  eye  in  contem- 
plating a  green  obje&,  will  become  infenfibie  only  to  the  green  rays ;  and  therefore  the 
other  fix  prifmatic  colours,  which  are  fpecifically  different  from  the  green,  ought  to  be 
fenfible,  and  produce  their  proper  compound. efreft;  but  this  would  not  be  the  fenfatkm 
of  red.  In  like  manner,  if  the  object  be  yellow,  the  eye  will  at  length  become  inienfiUe 
to  the  yellow-making  rays,  and  the  fpe&rum  will  be  violet.  Now  fince  on  the  hypothefis 
of  feven  original  colours,  the  orange  and  green  are  primitive,  though  the  eye  be  rendered 
infenfibie  to  the  yellow  rays,  it  will  not  be  fo  to  the  orange  and  green,  which  therefore, 
together  with  the  red,  blue,  violet  and  indigo,  will  produce  their  compound  efre& ;  but 

,  the  colour  refuitiug  from  this  joint  a&ion  is  not  violet,  which  neverthelefs  is  the  colour  of 
the  ocular  fpe&rum.  On  the  other  hand,  if  there  be  but  three  primitive  colours,  red, 
yellow,  and  blue,  when  the  eye  is  infenfibie  to  the  yellow-making  rajs,  the  fpe&rum 
mud  neceflarily  be  violet,  which  is  the  colour  that  refuits  from  the  mixture  of  red  and 
blue.  If  it  be  obje&ed,  that  the  eye  is  not  only  infenfibie  to  the  unmixed  yellow  rays, 
but  likewife  to  the  yellow  of  the  orange  and  the  green,  then  it  is  admitted  that  orange  and 
green  are  compound  colours.  Befides,  fince  the  colour  which  would  refult  from  the  mix* 
ture  of  red,  orange,  green,  blue,  indigo  and  violet  is  not  yellow,  the  eye  ought  not  to  be 
infenfibie  to  this  colour;  and  confequently,  fince  by  the  exemption  of  the  yellow  rays  from 
the  white  folar  light,  that  colour  does  not  refult,  but  a  di(tin&  purple,  it  follows,  that  the 
orange  and  green  are  not  primitive  colours  inherent  in  folar  light. 

It  remains  now  only  foe  us  to  (hew,  that  the  three  colours  of  red,  yellow,  and  blue,  are 
adequate  to  the  folution  of  all  the  phenomena  of  chromatics.  But  in  order  to  Ihew  this* 
few  words  will  be  fufficient,  for  having  feen,  that  the  feven  prifmatic  colours  can  be  ge- 
nerated by  thefe  three,  it  follows  that  all  others  can  be  generated  from  them,  as  Sir  I. 
Newton  has  proved  at  large.  However,  I  think  k  will  not  be  fuperfluous  to  obferve,  that 
white  may  be  dire&ly  produced  by  thefe  three  colours,  without  the  previous  generation  of 
the  other  four  prifmatic  colours,  in  the  fame  manner  as  it  is  ufually  generated  with  feven. 
"  I  could  never  yet,"  fays  Newton,  a  by  mixing  only  two  primary  colours,  produce  a  per- 
"  fed  white.  Whether  it  may  be  compofedof  a  mixture  of  three,  taken  at  equal  diftances 
u  in  the  circumference,  I  do  not  know.!'  Now  to  ihew  that  white  may  be  thus  generated, 
let  an  annulus  of  about  four  inches  diameter  be  divided  into  three  parts  fay  lines  tending 
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towards  the  centre,  and  let  thefe  three  divifions  be  refpe&ively  painted  red,  yellow,  and 
blue,  in  propofcions  to  be  ^fcertained  by  trial ;  then  if  the  annulus  be  turned  fwifily  round 
its  centre,  it  will  appear  white.  That  white  may  be  generated- by  the  mixture  of  only  the 
tfane  coltors  red,  yellow^  *nd  blue,  might  *tfo  appear  from  the  role  which  Newton  him- 
idl  has  given  us,  far  detcnnMo^  the  coiotar  of  the  conpovnd  which  rcfalts  from  the 
mixture  of  any  primary  colours,  the  quantity  and  quality  of  each  being  given. 

The  rule  is  this,  the  circumference  of  a  circle  is  diftinguifhed  into  feyen  arches  propor- 
tional to  the  feven  nautical  intervals  in  an  o&ave,  that  is,  proportional  to  the  numbers  45, 
27,  48,  60,  60,  40,  80:  the  firft  partis  to  reprefent  a  red  colour,  thefecond  orange,  the 
third  yellow,  the  fourth  green,  the  fifth  blue,  the  fixth  indigo,  and  the  feventh  violet. 
Thefe  are  to  be  coufidered  to  he  all  the  colours  of  uncoenpounded  fight  gradually  pafling 
into  one  another,  as  they  do  when  made  by  prifms,  due  circumference  reprefenting  the 
whole  feries  of  colours  from  one  ehd  of  the  fun's  coloured  image  to  the  other.  Round  the 
centers  of  gravity  of  thefe  archer  let  circle*  proportional  to  the  number  of  rays  of  each  go* 
tour  in  the  given  mixtete  be  defcribed.  Find  the  common  centre  of  gravity  of  all  thefe 
circles,  and  if  this  common  centre  of  gravity  coincide  with  the  centre  of  the  circle, 
Newton  fays  that  the  compound  will  be  white.  Join  therefore  the  centers  of  gravity  of 
the  blue  and  yellow  circles*  and  from  the  centre  of  the  red  circle  draw  a  right  tine  through 
the  cedtre  of  the  principal  circle ;  from  the  conftmdion  it  will  cut  the  line  which  joint 
the  centers  of  the  blue  and  yellow  circles  \  if  therefore  the  number  of  the  blue  and  yellow 
rays  be  to  each  other  inverfely  as  their  diftances  from  the  point  where  the  line  which  joint 
their  centers  to  cut  by  the  line  drawn  from  the  centre  of  the  red  circle  \  and  if  the  number 
of  red  rays  be  to  the  fum  of  the  yellow  and  blue  rays  inverfely  as  the  diftances  of  the  centre 
.  of  the  red  circle,  and  the  common  centre  of  the  yellow  and  blue  from  the  centre  of  the 
principal  circle,  the  common  centre  of  gravity  of  the  red,  blue  and  yellow  circles  will 
coincide  with  the  centre  of  the  principal  circle,  and  therefore  the  retaking  compound  wiH. 
be  white. 

But  it  is  manifeft  that  this  couftru&ion  cannot  be  relied  on,  becaufe  the  quantities  of  the 
rays  of  any  given  colour  in  folar  light,  do  not  appear  to  be  proportional  to  the  fpace* 
which  they  occupy  in  the  re&ilineal  fides  of  the  fpe&rurn.  Thus  it  is  known  that  the 
yellow  making  rays  are  predominant  in  folar  light,  yet  the  fpace  they  occupy  in  the  fpec* 
trum  is  to  (he  fpace  occupied  either  by  green  or  blue  as  four  to  five,  and  to  the  fpa.^e  00 
cupied  by  the  violet  only  as  three  to  five: 


*  » 


"Vol.  IV.—- December.  1800. 


3"E 


An* 


994  Experiments  and  Obfervations  on  the  Galvanic  Phenomena. 

ii. 

An  Account  of fome  Additional  Experiments  and  Obfervations  on  the  Galvanic  Phenomena* 
By  Mr.  Davy,  Superintendent  of  the  Pneumatic  Inflitutiou.  Communicated  by  the 
Author. 
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ULPHURIC  acid,  when  highly  concentrated!  is  pofiefled  of  but  little  power  of 
a&ion  upon  zinc,  though  when  diluted  it  diflblves  it  with  the  greateft  rapidity.  Afluming 
then  the  truth  of  the  principles  advanced  in  my  laft  paper,  namely,  that  the  powers  of  the 
pile  of  Volta  are  primarily  excited  by  the  oxidation  of  the  zinc,  it  follows,  that  diluted 
fulphuric  acid,  when  made  the  medium  of  connexion  between  the  pairs  of  plates,  ought  to 
produce  much  greater  efie&s  than  concentrated  fulphuric  acid. 

This  I  have  found  is.a&ually  the  cafe.  When  the  cells  of  a  feries  of  twenty  pairs  of 
plates  of  filver  and  zinc,  conftru&ed  with  waxen  cement,  in  the  mode  defcribed  in  8  of 
my  laft  paper,  were  filled  with  fulphuric  acid,  nearly  of  fpecific  gravity  1.9,  no  galvanic 
a&ion,  except  the  produ&ion  of  a  flight  cauftic  tafte,  was  perceptible  by  the  ufual  methods 
of  trial ;  though  when  diluted  fulphuric  acid  was  ufed  the  ends  of  the  feries  gave  (hocks  to 
the  moiftened  fingers,  and  wires  connc&ed  with  them  efie&ed  the  ufual  changes  ia 
water. 

That  concentrated  fulphuric  acid  is  not  of  that  order  of  more  perfe&  galvanic  con* 
du&ors  which,  when  interpofed  between  the  plates,  deftroy  their  ele&rical  efie&s*  is 
evident  from  the  following  experiment :  the  cells  of  ten  pairs  of  plates  of  copper  and  sine* 
conftru&ed  with  waxen  cement,  were  filled  with  concentrated  fulphuric  acid ;  but  not  the 
flighted  galvanic  power  was  produced.  A  fmall  drop  of  water  was  then  poured  upon  the 
acid  in  each  of  the  cells.  The  a&ion  of  the  feries  was  immediately  (hewn  by  its  producing 
the  ufual  appearances  on  wires  in  water. 

a.  The  galvanic  condu&ing  powers  of  liquid  fulphurets  are  at  leaft  equal  to  thofe  of 
water.  I  found  that  when  the  fingers  were  plunged  into  glafles,  containing  folution  of 
fulphuret  of  ftrontian  conne&ed  with  the  ends  of  a  pile,  the  (hock  was  full  as  fenfibk  as  if 
the  communication  had  been  made  through  water.  When  the  galvanic  current  was  made 
to  a&  on  folution  of  fulphuret  of  ftrontian  by  means  of  filver  wires,  the  sine  wire  became 
blackened,  and  gas  was  given  out  round  the  filver  wire.  But  folutions  of  fulphurets  are 
incapable  of  giving  oxygen  to  zinc  ;  they,  confequently,  ought  to  produce  no  galvanic 
efie&s  when  made  the  media  of  connexion  of  the  double  plates  in  the  pile  of  Volta.. 
Twenty-five  pairs  of  filver  and  zinc,  ere&ed  with  cloths  moiftened  in  folution  of  ful- 
phuret 
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phuret  of  ftrontian*  produced  no  fenfible  galvanic  a&ion,  though  the  moment  the  fides  of 
the  pile  were  moiftened  with  a  little  nitrous  acid,  the  ends  gave  (hocks  as  powerful  as 
thofe  of  a  fimilar  common  pile* 

3.  No  phenomenon  is  more  conftant  than  the  ceflation  of  the  a&ion  of  the  common 
galvanic  pile  in  a  vacuum*  when  the  gage  is  below  one- tenth.  Suppofmg  the  expulfion  of 
atmofpheric  air  from  the  water  preventing  it  from  oxidating  the  zinc,  the  fole  caufe  of 
this  ceflation,  it  follows,  that  a  pile  ought  to  act  in  vacuo  when  nitrous  acid,  or  diluted 
fulphuric  acid,  is  the  medium  of  connexion  between  the  plates*  Into  each  of  the  cells  of  a 
feries  of  twelve  pairs  of  filver  and  zinc  plates>  which  had  juft  been  moiftened  with  a  little 
water,  a  large  drop  of  nitric  acid  was  introduced:  when  the  wires  connected  with  the 
ends  immediately  began  to  produce  the  ufual  appearances  in  water.  The  feries  was 
introduced  under  the  receiver  of  an.  air  pump,  and  the  filver  wire  from  its  zinc  end  con- 
nected with  a  veflel  of  water  that  had  been  long  boiled.  '  The  wire  from  its  filver  end  was 
fo  fattened  by  refinous  cement,  to  a  Aiding  brafs  wire  pafling  through  the  top  of  the 
receiver,  that  it  could  be  plunged  at  pleafure  into  the  water  when  the  vacuum  was  made. 
The  receiver  was  exhaufted  till  the  gage  flood  at  T%  of  an  inch,  when  the  communication 
was  effected.  The  zinc  wire  immediately  began  to  oxidate,  and  gas  was  given  out  round 
the  filver  wire.  The  procefs  went  on  for  many  minutes,  and  when  it  had  ceafed,  was 
not  fenfibly  revived  by  the  admiffion  of  the  atmofphere.  v  In  another  experiment  the  fame 
phenomena  were  obferved.  Gas  appeared  to  be  given  out  more  rapidly  from  the  filver 
wire  than  in  the  atmofphere j  but  this^  was  from  the  diminution  of  preflurc.  The  oxida- 
tion was  certainly  lefs :  which  may  be  eafily  accounted  for,  when  we  confider,  that  no 
nitrous  acid  could  be  recompofcd  in  vacuo,  as  in  the  atmofphere  from  the  nitrous  gas 
difengaged  between  the  plates,  and  that,  in  confequence  of  the  diminiflied  preflure,  fome 
of  the  acid  muft  probably  have  afiumed  the  aeriform  ftate. 

A  drop  of  fulphuric  acid,  poured  into  each  of  the  moiftened  cells  of  twelve  pairs  of 
plates,  enabled  the  wires  from  the  ends  to  efie&  the  ufual  changes  in  pure  water  for  rather 
more  than  half  an  hour  in  vacuo,  the  gage  being  at  T*-.  The  oxidation  went  on  nearly  as 
vividly  as  in  the  atmofphere,  and  what  is  rather  remarkable,  fome  gas  was  given  out  from 
the  oxidating  wire,  though  very  little  was  produced  from  the  filver  wire. 

4.  The  refults  of  the  lad  experiment  are  interefting  not  only  from  their  coincidence 
ttith  the  other  fads,  but  like  wife -becaufe  they  afford  proofs  that  the  prefence  of  oxygen 
in  that  loofely  combined  or  peculiar  ftate  in  which,  when  abforbed  by  combuftible 
bodies,  it  produces  inflammation,  and  in  which,  in  my  infant  chemical  fpcculations,  i 
fuppofed  it  to  be  combined  with  the  matter  of  light,  is  not  eflential  to  the  galvanic 
effe&s.  Whether  water  is  absolutely  eflential,  we  (hall  find  fome  difficulty  in  deter- 
mining, as  it  exifts  in  larger  or  (mailer  quantities  in  all  the  non- metallic  fluid  galvanic 
conductors  that  have  been  yet  experimented  upon.    The  following  fad  is  in  favour  of 


•  See  Colonel  Haldane,  Phil.  Journal,  No.  43,  Vol.  IV.  and  my  laft  paper,  No,  44. 
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its  eflentiality.  The  compound  #f  concentrated  fiilphuric  acirf  and!  oaigemted  muriatic! 
acid  *  (which  may  be  formed  by  introducing  oxigenated  muriate  of  pot-aft  into  fdphuric 
acid,  or  by  palling  oxigenated  muriatic  acid  gas  throughnt),  flbwfy  oxidates  both  zing  txtit 
filver,  the  oxigenated  marine  acid  being  dccompofed.  I  expected  that  it  would  produce 
ft rong  galvanic  effe&s  when  made  the  communicating  medium  of  the  cells  of  a  pile ;  but  it» 
this  I  was  difappo kited ;  a  feries  of  twenty  paifs  connected  by  it  produced  hardly  any 
fcnfible  action. 

5,  If  any-  perfon  wiflres  to  repeat  the  experiments  in  vacuo*  fuft  detailed,  great  cautionr 
Hiuft  be  obferved  with  regard  to  the  quantities  of  acidfr  introduced  intt/the  Cells.  Two  or 
three  drops  in  each  will*  be  fufficient,  particularly  if  it  haar  been  previoufly  a  Kttte 
motftened.  When  larger  portions  are  employed,  the  effervefcence-highly  increafed  by  die 
-removal  of  atmofpheric  preflure  will  be  often  fufficient  to  moiften  the  edges  of  the  ceHs, 
and  to  make  a  communication  betweem  them.  In  confluence  of  the  ufe  of  too  much 
'  acid,  I  have  made  many  udfticceftful  experiments. 

The  water  ufed  in  vacuo  for  connecting  the  wiresi  ftould  be  always  prevbufly  deprived? 
of  loofe  air  by  long  ebullition,  or  otherwife  the  difengagement  of  that  fubftance  from  it 
will  much  diflfuib  the  refulte. 

Obfervathns  gained  from  minute  InfptEtion*  of  Galvanic  Proceffis. 

i.  Whenever  the  galvanic  circuit,  paffing  through,  the  pile  with  wires,,  is  broken  by, 
means  of  water,  oxygen  is  uniformly  produced  at  the  zinc  metallic  point,  and  hydrogen, 
at  the  Giver  metallic  point.  This  is  (hewn  from  many  experiments  in  Mr.  Nicholfon's  Phi- 
lofophical  Journal.  Confidering  analogies,  an  interfiling  queftion  occurs.  Do  not  the 
Came  phenomena  take  place  in  every  part  of  the  feries?  *.  e.  is.  not  oxygen  fixed  on  every 
plate  of  zinc,  and  hydrogen  produced  on  every  plate  of  filver,  at  the  points  of  their  con- 
tact with  the  water  of  the  cloths  ?  With  the  hopes  of  gaining  a  folution  of  this  queftion, 
I  couftru&cd  a  feries  of  twenty  glafles  with  fpring  water,  containing  plates  of  filver.  and 
zinc  connected  by  brafs  wire,  in  the  mode  pointed  out  by  Vblta.  This  feries  gave  feeble, 
(hock*,  and  a  filver  wire  connected  with  it  produced  the  ufgal  appearances  in  water. 
Oxygen  was  fixed  upon,  that  part  of  the  wire  in  the  glafs  containing  the  lad  filver  plate, 
and  hydrogen  was  liberated  from  that  part  of  it  in  the  glafs.  containing  the  laft 
zjnc  plate. 

The  feries  was  made  analogous  in  all  its  parts,  the  end  glaffies  being  connected  by  a  pair 
of  plates,  fo  that  every  glafs  contained  a  filver  plate  arid  a.  zinc  plate.  On  minutely  ih- 
fpecting  the  glafles  immediately,  after,  no  particular  phenomena  could  be  perceived.  But 
after  occafional  attention  to  the  procefs  for  many  hours,   I  obferved,  the  zinc  plates 

» 
•  I  accidentally  difcovered  this  combination  .in  July,,  1795.    Spmc.of  its  jy-qpertiea  art  very  peculiar. 

Mote  interesting  enquiries  have  hitherto  prevented  meJroRt  minutely  examining  them. 

4  1  beginning 
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beginning  to  oxidate  in  many  of  their  points,  though  no  gas  was  produced  upon  diem. 
No  gas  had  formed  upon  the  filver  places,  but  the  furface  of  the  water  in  conf  a&  with 
them  became  covered  with  an  opaque  white  pellicle. 

2.  The  filvcr  plates  ufed^  in  this  experiment  were  not *  perfc&ly  poliflied.  This  might 
have  influenced  the  refults:  and  fome  ga$  might  have  efcaped  my  obfervation.  That  the 
operation  might  go  pn  in  clofed  veflels,  I  cut  off  die  bottoms  of  fome  bottles  with  a  file, 
fo  that  they  could  be  eafily  joined  again  by  cement.  Into  one  of  thefe  battles  I  introduced 
a  plate  of  poliflied  zinc  #,  and  into  another  a  plate  of  poliihed  fihrer.  The  plates  were  , 
connected  by  a  wire  attached  to  their  upper  angles,  whicft  protruded  into  the  atmofphere 
through  orifices  made  at  the  places  of  jun&ion  of  the  bottoms  of  the  phials-with  their' 
(ides  ;  thefe  places  of  jun&ion  being  rendered  perfe&ly  water-tight  by  refinous  ccmetit. 
Four  apparatuses  of  this  kind  were  conftru&ed.  They  were  filled  with  pump  water,  in- 
verted in  the  galvanic  order  in  glafles  containing  that  fluid,  and  made  part  of  a  conne&ed 
feries  of  twenty  glafles. 

After  more  than  twelve  hours,  the  zinc  plates  had  become  tarnifhed,  buf  had  given  out 
no  gas.  In  two  of  the  bottles  with  the  filver  plates,  globules  of-  gas,  too  fmali  to  be 
analyfed,  had  colle&ed:  thefe  plates  examined  in  the*  atmofphere,  as  well  as  all  the 
other  filver  plates,  were  covered  in  fome  points  with  a  film  of  white  ftibftance, 
which  was  foluble  with  flight  effervefcence,  and  without  producing  cloudinefs  in 
muriatic  acid. 

3.  Unable  to 'account  for  the  non-appearance  of  hydrogen  during  the  oxidation  of  the 
zinc,  I  could  not  but  conclude  that  it  was  condenfed  or  abfbrbed  in  fome  new  compound 
on  the  furface  of  the  filver  or  the  zinc.  Guefllng  that  the  quantity  of  furface  might  be 
conne&ed  with  the  phenomenon  of  its  non-appearance,  I  ftibftituted  in  three  of  the  phials 
for  the  fquare  filver  plates  oblong  ones  of  the  fame  length,  and  about  ,3  inches  wide. 
Thefe  had  not  been  long  conne&ed  with  the  feries  before  gas  began  to  form*  upon  them ; 
and  in  five  hours  fufficient  was  collected  to  be  examined :  from  the  coarfe  teil  oP  inflam- 
mability it  appeared  to  be  hydrogen. 

Thirteen  pairs  of  a  conne&ed  feries  of  twenty- five  glafles  Were'  now  compofed  of 
fquare  zinc  plates^  and  oblong  filver  plates  of  different"  fizes*;  fome  of  them  being  about  - 
,3,  and  others  nqf  more  than  ,1  inches  wide.  Gas  was  alfnoftr  immediately  givctt  out  from 
the  greater  number  of  thr  oblong  plates,  and  in  largefl  quantities  from  the- fmalleft : 
from  the  flips  of  ,r  wide  indeed  a  conftant  ftream  of  globules  afcended  through  the 
water. 

Small  oval,  circular,  and'  fquare  plates  of  nearly  equal  fttrfaces,  with  the  flips  con- 
ne&ed' in  the  feries  in  the  places  of  fome  of  them',  produced  precifely  the'  fame  effe&s; 
fn  fliort,  whenever  the  furface*  of  the  filver  plates  did  not  exceed  one-fourth  of  the  quan- 
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tity  of  the  furfaces  of  the  zinc  plates,  whatever  were  their  forms,  gas  was  always  pro- 
duced upon  them :  and  both  large  and  fraail  furfaces  in  common  water  in  a  great 
length  of  time  became  covered  at  fome  of  their  points  of  contaft  with  that  fluid 
with  a  whitifh  film. 

When  fmall  oblong  zinc  plates  were  introduced  into  any  part  of  the  feries  inftead  of  the 
larger  plates,  they  appeared  to  oxidate  rapidly,  without  giving  out  any  gas. 

4.  The  fubftitution  of  oblong  filver  flips  for  many  of  the  plates,  did  not  apparently  much* 
diminifh  the  power  of  the  feries :  I  therefore  conftru&ed  a  feries  of  twenty-feven  glades, 
wholly  compofed  of  zinc  plates  attached  to  thin  filver  wires.  This  combination  with  pump 
water  gave  feeble  {hocks,  which  were  lefs  vivid  than  thofe  of  the  common  feries  of 
eighteen.  When,  however,  it  was  made  analogous  in  all  its  parts,  all  the  wires  not  deeply 
inferted  in  the  water  gave  out  gas,  and  the  zinc  plates  flowly  oxidated.  In  another  ex- 
periment, in  which  a  feries  of  thirty  glafles,  containing  wires  and  zinc  plates,  were  ufed, 
moil  of  the  wires  not  only  gave  out  gas,  but  after  fome  time  became  covered  at  their  points 
of  contaft  with  the  furface  of  the  water  with  a  white  film ;  a  few  of  them,  not  deeply 
inferted,  produced  a  flight  white  precipitation. 

5.  Thefe  fa&s  feemed  to  (hew  that  the  quantity  of  hydrogen  produced  in  a  feries  was  in 
fome  meafure,  and  to  a  certain^  point,  in  the  inverfe  ratiQ  of  the  quantity  of  the  furface 
of  the  filver  plates.  Speculating  upon  them,  and  comparing  them  with  the  experiments  of 
Mr.  Cruickfliank,  and  thofe  which  I  noticed  in  my  laft  paper  on  the  figns  of  ammoniac 
perceived  during  the  a&ion  of  a  pile  in  common  air,  I  could  not  but  -conjefture  that 
whilft  oxygen  was  condenfed  on  all  the  zinc  excitors  in  the  feries,  hydrogen  was  produced 
on  all  the  filver  ones  ;  and  in  fmall  furfaces  chiefly  liberated,  whilft  on  larger  ones  it  was 
almoft  wholly  condenfed  by  the  nitrogen  of  atmofpheric  air  diflblved  in  the  water,  and  this 
conje£ture  was  rendered  more  probable,  when  I  confidered  the  white  matter  chiefly  formed 
round  the  filver  at  the  furface  of  the  water,  and  its  folubility,  without  cloudinefs  in  acids, 
as  it  might  eafily  have  been  produced  by  the  decompofition  of  magnefian  falts  exifting 
in  the  pump  water. 

To  determine  whether  ammoniac  was  produced,  I  made  many  experiments  on  different 
feries,  confiding  of  from  feventeen  to  thirty  glafles.  In  fome  of  thefe  glafles  wires  were  ufed, 
and  in  fome  of  them  plates.  Sometimes  diftilled  water  was  employed,  and  fometimes 
pump  water,  both  of  which  were  occafionally  tinged  with  red  cabbage  juice. 

Without  being  minute  in  the  detail  of  thefe  experiments,  I  (hall  give  their  general 
refults.  In  the  veflels  containing  red  cabbage  juice,  that  fluid,  after  many  hours,  became 
tinged  with  green  where  it  was  in  contaft  with  the  filver,  though  at  its  points  of  conta& 
with  the  zinc  no  change  of  colour  could  be  ebferved  in  it.  In  the  pump  water  a  white  film 
always  formed  on  the  furface  of  the  water  near  its  points  of  contadt  with  the  filver : 
whilft  in  diftilled  water  fuch  an  appearance  was  hardly  perceptible.  The  ahomajy  of  its 
being  now  and  then  perceptible  I  am  inclined  to  refer  to  accidental  impurities  in  Ac  veflels. 

The 
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The  Giver  flips  in  pump  water  almoft  always  became  incrufted  with  a  white  matter,  which  * 
was  never  notable  in  diftilled  water,    and  which  was  foluble,  without  cloudinefs,   in 
nitrous  acid*  - 

In  one  experiment,  when  a  Giver  flip,  forming  part  of  a  powerful  feries,  was 
introduced  into  a  fmall  veflel,  containing  folution  of  muriate  of  magnefia  *  (conne&ed 
with  the  next  zinc  glafsby  means  of  mufcular  fibre,  to  prevent  the  interference  of  the  oxy* 
dating  metal  with  the  refults),  in  the  courfe  of  a  night  much  gas  was  given  out  from  it, 
and  it  became  incrufted  with  a  white  matter,  which  diflblved  with  flight  cflcrvefcence  in 
marine  acid.     A  precipitation  had  taken  place  in  the  fluid • 

Thefe  refults  afford  ftrong  probabilities  in  favour  of  the  produ&ion  of  ammoniac  on  all 
the  filver  excitors  of  the  feries  formed  with  common  water :  and  compared  with  the  fa£U 
before  mentioned,  they  amount  almoft  to  dernonftrations.  Whether  the  nitrogen  of  at- 
mofperic  air  diflblved  in  water  is  the  agent  which  forms  with  the  hydrogen  ammoniac* 
future  experiments  made  in  vacuo  mult  determine  t» 

6.  The  power  of  the  feries  with  filver  wires,  was  much  kfs  than-  that  of  the  feries  with 
plates.  Suppofing  the  formation  of  ammoniac,  it  was  probable,  that  the  larger  quantity 
produced  upon  the  plates,  might  be  in  fome  meafure  the  caufe  of  their  greater  powers ;  and 
H  fo,  it  was  likely  that  the  condenfation  of  nafcent  hydrogen  upon  the  wires  would  be  con- 
ne&ed with  increafe  of  power.  From  the  following  fa£ts  it  appears  that  this  is  the  cafe. 
A  feries  of  thirteen  plates  of  zinc,  with  their  filver  wires  conftru&ed  in  glafles,  containing 
weak  folutions  of  red  fulphate  of  iron,  mingled  with  a  little  folution  of  common  fulpbate 
of  iron  and  nitrous  gas,  a&ed  full  as  powerfully  as  the  common  feries  of  twenty  plates* 
The  wires  gave  out  no  hydrogen,  but  occafioned  a  brown  precipitation  in  the  fluid,  and 
the  zinc  plates  foon  became  covered  with  green  oxide  of  iron.  The  phenomenon  was  the 
fame  with  other  mixed  metallic  folutions,  capable  at  the  fame  time  of  abforbing  hydrogen 
and  oxydating  zinc. 

7.  The  ftrongeft  analogies  would  induce  us  to  believe,  that  all  the  galvanic  feries  com* 
.pofed  of  eafily  oxydable  metals  and  difficultly  oxydable  metals  muft  follow  the  fame  laws  in 
producing  changes  in  their  conne&ing  fluid  as  zinc  and  Given  But  as  from  the  interefting. 
fa£h  of  Colonel  Haldane,  it  appeared  that  iron*  and  zinc  as  a  combination  were  poflefled  of 
very  confiderable  powers,  and  as  iron- is  but  little  inferior  to  zinc  in  its  affinity*  for  oxygen*   _ 

• 

*  Muriate  of  magnefia  was  ufed  in  preference  to  nitrate  or  fulphate,  becaufe  there  was  a  pofllbility  of  the 
decompofitien  of  the  acids  in  thefe  fa  Its  by  the  nafcent  hydrogen,  which  alone  would  occafion  a  precipitation 
of  earth. 

'  f  Mr.  Cruickihank,  who  fir  ft  noticed  the  probable  formation  of  ammoniac  on  the  filver  wire  of  the  pile,. 
has  offered  fome  ingenious  arguments  to  prove  that  nitrous  acid  is  formed  at  the  zinc  wire.  Analogy 
would  induce  us  to  conjecture,  that  if  it  was  formed. .on  one  of  the  oxydating  furfaces,  it  ought  to-be 
formed  on  all.  That  no  change  of  colour  takes  place  in  cabbage  juice,- in  contact  with  the  oxydating.iinc 
plates,  may  be  owing  to  the  great  extenfion  of  their  furfaces.  It  is  worth  obferving,  that  the  filver  oxy- 
dates  as  rapidly  in  water  in  vacuo  as  in  the  atmofphere*  when  the  pile  is  in  the  atmofphere  3  or  when  nitrous* 
•r  fulphuric  acid  is  ufed  in  the  cells  in  vacuo* 

3.  ifr 
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it  became  a  curious  queftion  what  would  he  Ac  babirgdfis  of  thofe  mctab  in  eflt<3ing 
changes  in  the  water  conftitutHig  them  a  feries  ?  Sixteen  zinc  plates,  aad  fixteee  pieces  of 
thin  polifhed  iron  wire,  were  conne&ed  in  galvanic  order.  One  half  of  the  feriea  of  glafics 
being  filled  with  folution  of  red  fulphate  tf  iron,  and  the  other  fealf  with  pump  water,  the 
gad  glafles  gave  faint  lhacks  when  the  tengue  was  introduced  intp  #nc,  and  the  fingers 
into  the  other.  When  they  was  conne&ed  fo  as  to  make  the  feries  analogous  in  ail  iu 
parts,  all  the  icon  wires  io  the  common  wafer  gave  o*t  gas  without  oxydaiing,  and  thefe  m 
the  fetation  exhibited  the  fame  appearance*  as  the  filler  wires  in  U.  &  . ' 

8.  A  feries  of  glafTes  compofed  of  zinc  platen  and  fiwer  wkes  in  galvanic  order  with 
pump  wafctjr,  was  fuffered  to  remain  for  fame  bears  without  being  coiwe&ed  at  the  extre- 
mities, fo  as  to  complcat  the  circuit.  At  the  end  of  this  time  fome  globules  of  gta  ap- 
peared on  feme  of  the  zinc  plates,  which  were  a  little  tarniihed  ;  no  gas  was  produced  oa 
the  filver  wires,  and  they  had  undergone  no  apparent  change* 

Having  fet  up  a  powerful  feries  of  27  glafiesp  (feme  with  red  fulphate  of  iron,  and  feme 
water)  in  which  zinc  ami  filrer  wire  were  the  exciters,  I  found  that  whenever  I  fuppHed 
the  place  of  a  pair  of  plates,  cither  by  *  fingle  metallic  wire,  or  a  chain  compbfed  of  dif- 
ferent metals,  whatever  were  their  habitudes  of  oxydation,  hydrogen  was  always  produced 
at  the  place  of  the  Giver,  and  oxygen  always  fixed  or  extricated  sit  the  place  of  the  zinc. 
When  roapy  Giver  wires  were  introduced  into  the  feries  in  new  glafles,  fo  as  to  prefervc 
•*he  original  number  of  exciting  plates,  the  powers  of  it  feemed  to  be  very  little  diminiftied, 
gnd  gas  was  given  out,  and  oxygen  fixed  in  every  new  glafs.  When  the  points  of  conta& 
of  feme  of  the  plates  and  wires  above  the  water  were  covered  with  cement,  the  pheno- 
mena were  the  fame  as  if  they  had  been  expofed  to  the  atmofphere.  When  one  pair  of  a 
feries  was  in  vacuo,  the  gage  being  at  •&,  the  powers  of  the  whole  were  not  fcofibly 
di/piniihed,  and  gas  was  extricated  from  the  Giver  wire, 

9.  On  thefe  fads  I  (hall  not  prefume  to  fpeculate.  There  is  every  reafon  to  believe  that 
a  number  of  new  experiments  mud  be  made,  before  we  (hall  be  able  to  difcover  the  laws  in 
confequence  of  which  one  quantity  of  chemical  a&ion  generates  in  the  galvanic  feries  of 
Volta,  an  influence  capable  of  increafing  all  analogous  a&ions,  and  of  generating  new 
firn'ilar  a&ions.  Many  new  obfervations  muft  be  colle&ed,  probably  before  we  (hall  be 
able  to  afecrtain  whether  water  is  decompofed  in  galvanic  procefles.  Suppofing  its  decom- 
pofition,  we  muft  aflume,  that  at  lead  one  of  its  elements  is  rapable  of  rapidly  palling  in  an 
invifible  form  through  metallic  fubftances,  or  through  water  and  many  connected  organic 
bodies ;  and  fuch  an  affumption  is  incommenfurable  with  all  known  fads.  But  a  fhort 
period  is  elapfed  fince  philofophers  beheld  with  wonder,  folid  and  fluid  fubftances  afiuming 
new  modes  of  exiftence  in  different  gafes.  Do  not  the  new  phenomena  of  galvanifm 
autborife  us  to  hope  that  at  no  very  diftant  time  they  will  behold  even  thofe  gafes  under- 
going novel  changes,  and.exifting  in  new  and  now  unknown  forms  ? 

III.  Rtmarh 
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HI. 

Renrath  on  the  Potoers  of  different  Galvanic  Combinatimt. 

1.  I  have  found  by  many  experiments,  that  when  muriatic  acid  is  introduced  (in  quan- 
tities fufficient  to  produce  vifible  changes)  into  water  contained  in  the  glaffcs  of  an  effe&ive 
galvanic  feries  compofed  of  zinc  plates  and  Giver  wires,  the  zinc  plates  are  a&ed  upon, 
and  gas  is  given  out  from  every  part  of  their  furfaces ;  whilfl  the  quantities  of  gas  produced 
on  the  Giver  wires  are  increafed  only  in  the  apparent  ratio  of  the  increafed  power  of  the 
feries  to  give  the  (hock.  When  muriatic  acid  is  introduced  into  a  certain  number  only  of 
the  glafles  of  a  feries,  fimilar  changes  are  produced  in  thofe  glafles  ;  but  there  is  no  appa- 
rent alteration  in  the  nature  of  the  phenomena  talcing  place  in  the  other  glafles ;  thefe 
phenomena  are  only  rendered  more  vivid.  Effe&s  analogous  in  appearance  take  place  when 
fulphuric  acid,  and  even  when  nitric  acid  is  employed.  So  that  it  appears  that  the  power 
of  a  feries  to  Gx  oxygen  upon  its  zinc  plates,  and  to  evolve  hydrogen  from  its  Giver  plates, 
is  limited,  and  cannot  be  increafed  by  oxydating  bodies  beyond  a  certain  extent.  We  muft 
confequently  conclude,  that  only  a  certain  quantity  of  galvanic  influence  can  be  made  co 
circulate  through  a  feries  in  a  given  time,  and  that  the  increafe  of  oxidation  beyond  a  cer- 
tain term  is  conne&ed  with  no  new  increafe  of  power. 

2.  The  fubftances  which  are  capable  of  rapidly  oxydating  the  imperfeft  metals,  and  of 
condenGng  nafcent  hydrogcrj  at  the  fame  time,  are  thofe  which  produce  the  mod  powerful 
efFe&s,  when  made  the  media  of  connection  between  the  metals  in  the  galvanic  feries.  The 
nitric  and  oxygenated  marine  acids  appear  to  be  the  mod  powerful  of  the  known  fluid  ex- 
citers of  the  pile.  The  folutions  of  metallic  fairs,  compofed  .of  acids  and  oxydes  at  their 
maximum  of  oxidation,  (land  next  in  order  :  then  follow  the  muriatic  and  fulphuric  acids, 
and  the  Aetifral  falts  containing  thofe  acids,  or  nitric  acid. 

I  have  lately  endeavoured  to  make  fome  companions  between  the  powers  of  piles  con* 
ftru&ed  with  nitric  acid,  and  thofe  of  common  piles ;  but  without  much  fuccefs.  The  rapid 
aftion  of  the  acid,  the  evolution  of  gafes  conne£ting  the  plates  by  moifture,  and  the 
produ&ion  of  heat,  all  tended  to  difturb  the  re  Cults.  The  fmallefl  feries  of  plates  from 
which  I  was  able  to  obtain  {hocks  by  nitric  acid,  was  compofed  of  three  pairs.  Six  pairs, 
with  moderately  (trong  nitric  acid,  gave  a  (hock  more  acute  than  that  produced  by  a  com- 
mon pile  of  twenty^feven  pairs,  but  apparently  much  more  limited  in  extent;  it  was  felt  no 
further  than  the  upper  joints  of  the  Angers.  With  twelve  pairs,  or  ftill  more  numerous 
combinations,  the  (hock  was  always  more  acute  and  painful,  than  from  a  common  pile 
compofed  of  four  or  five  times  the  number  of  plates ;  but  apparently  more  local,  and  felt 
over  a  fmaller  furface.  As  fufion  of  thfe  cement  always  took  place  when  the  trough  was 
ufed  in  thefe  experiments,  cloths  wetted  with  the  acid  were  generally  employed ;  but  in  no 
cafe  was  it  poflible  to  prevent  the  edges  of  the  plates  from  being  moiftened,  fo  that  a  cer- 
tain degree  of  communication  between  the  ends  always  cxifted,  and  from  this  communi- 
cation the  efFe&s  muft  have  been  much  diminilbed.    A  pile  with  nitric  acid  had  its  power 
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very  little  leffened  by  momentary  immerfion  in  water.    Hence  the  increafe  of  effeft 
cannot  much  depend  on  the  increafcd  temperature  of  the  plates. 

3.  Copj>er  and  zinc  aft  very  powerfully  with  nitric  acffl.  Iron  and  zinc  feem  to  aft 
aearly  as  intenfely  with  muriatic  acid  as  with  nitric  acid. 

The  galvanic  combinations  that  I  have  been  lately  molt  in  the  habits  of  ufing,  are  feries 
of  glafles  conftrufted  with  zinc  plates,  filver  or  iron  wire,  and  folutions  of  red  fulphate  or 
faiuriate  of  iron.  Thefe  combinations  aft  for  a  long  time  intenfely ;  fix  or  eight  glafles 
being  capable  of  (lowly  decompofing  water ;  and  if  their  aftion  is  at  any  time  dimini(hed 
from  the  depofition  of  oxyde  of  iron  on  the  zinc  plates,  it  may  be  eafily  reftored  by  the  ad- 
dirion  of  a  little  acid  to  the  folution. 

4.  I  noticed  in  a  former  paper  the  conducting  powers  of  charcoal,  when  made  part 
of  the  galvanic  circuit*,  I  lately  fet  up  a  feries  of  eight  glafles,  with  fmall  pieces  of  well 
burnt  charcoal,  zinc,  and  folution  of  red  fulphate  of  iron;  the  charcoal  and  zinc  being 
connefted  by  filver  wire.  This  feries  gave  fenfible  (hocks,  and  rapidly  evolved  gafes  from 
water ;  whilft  an  equal  feries  with  filver  and  zinc  produced  much  weaker  effefts.  Hence 
it  would  appear  that  charcoal  and  zinc  are  equal,  if  not  fuperior,  to  any  metallic  com- 
binations. 

•#•  In  my  laft  paper  two  errors  occur,  which  require  to  be  correftcd.  Page  340,  line  18, 
for  •$%.  read  TV»  and  page  341,  line  11,  for  proportional  read  in  great  meafure  pro- 
portional. 
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On  the  Quotients  arifing  from  the  Divifion  of  an  Unit  by  prime  Numbers.    By 

H.  Goodwyit,  Efq. 

To- Mr.  NICHOLSON. 
SI  R, 

T. 
HE  following  account  of  the  quotients  arifing  from  the  divifion  of  an  unit,  &c.  by 

prime  numbers,  being,  I  believe,  perfeftly  new,  and  promifing  to  be  very  ufeful,  is  very 

much  at  your  fervice ;  and  if  you  think  it  worthy  a  place  in  your  Journal,  it  may  induce 

the  publication  of  a  (mall  table  prepared  for  a  farther  elucidation  of  the  fubjeft. 

lam,  SIR, 

.   Refpeftfully  your/s> 

Eaft  Smithfield,  OB.  1800.  H.  GCK3DWTN. 

*  Dr.  Wells,  in  an  excellent  paper  on  galvanifin,  in  the  Phil.  Tranf.  has  mentioned  the  great  powers  of 
an  arc  compofed  of  charcoal  and  zinc,  in  exciting  the  limb*  of  frogs. 

The 


Quotients  of  Unity  by  prime  Numbers.  405 

The  quotient  of  an  unit,  divided  by  the  prime  number  17*,  will  confift  of  16  places  of 
figures,  forming  a  complete  circulating  decimal.  If  the  number?,  2,  3,  4,  &c.  to  16,  be 
divided  by  the  fame  prime  number,  each  refpe&ive  quotient  will  (till  confift  of  16  places  of 
circulating  decimals.  Thus  far  the  property  of  like  divifions  has  been  afecrtained  by 
various  writers  on  decimal  arithmetic,  &c. 

But  at  leaft  one  very  curious,  concife,  and  ufeful  property  attached  to  fimilar  divifions 
in  general,  yet  remains  to  be  unfolded.  It  is  this — that  the  quotient  arifing  from  the  firft 
divifion,  virtually  reprefents  the  quotient  of  every  other  divifion  above-mentioned. 

FIRST  QUOTIENT. 

Dividends.       Divifor*. 
For        i-       4-       17-       =      -o      5       8      8      235294117647 
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And  in  like,  manner  the  quotient  arifing  from  the.  divifion  of  an  unit  by  every  other 
whole  number,  lefs  than  the  divifor,  will  commence  with  a  different  figure  in  the  firft 
quotient,  and  will  circulate  to  that  figure  again. 

And  thus  the  complete  quotient  arifing  from  the  divifion  of  each  whole  number,  lefs 
than  the  divifor,  in  that  divifion  may  be  exprefled  on  the  firft  quotient,  by  placing  the 
refpe&ive  dividends  over  their  firft  quotient  figure. 

Th  (     1   10  15  14     4    6    9     5   16     ;     2     3  13  11     8  12  dividends. 

C'o    5882352941     17647  quotients. 

This  difpofition  of  the  dividend  and  firft  quotient  enables  us  to  find,  by  infpe&ion 
the  complete  decimal  quotient  or  expreffion  for  a  vulgar  fraction,  whofe  numerator  or 
dividend  is  any  given  whole  number,  between  1  and  17,  and  whofe  denominator  or  divifor 
is  17.  The  quotient  of  Ty,  ^T9  and  \,  is  feen  in  the  firft  elucidating  arrangement 
above,  and  perfectly  coincides  with  this  laft.  By  this,  if  I  want  the  complete  decimal 
quotient  of  4^,  I  have  only  to  fearch  for  the  number  16  in  the  line  of  dividends,  and  under 
it  is  the  firft  figure  of  the  circulating  decimal  that. will  comprize  complete  quotient  of  -J$f 
viz.  '9411764703882352,  and  the  fame  of  the  other  dividends. 

But  what  authorifes  the  above  property  to  be  termed  curious,  concife,  and  ufeful,  is* 
that  it  does  not  attach  to  the  prime  number  17*  only,  but  under  certain  laws  is  equally 
applicable  to  all  prime  and  multiples  of  prime  numbers  whatever. 

3  *  *  CtnJlruSt'un 
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IV. 

£cnflru8ion  of  a  Wheel  adapted  to  exprefs  by  its  Rotation  the  unequal  angular  Motion 

of  the  Planet:.    By  M-  Robmcr. 


To  Mr.  NICHOLSON. 
SIR, 


A. 


S  you  have  profefled  it  to  be  part  of  your  plan  to  infert  all  discoveries  in  your 
Journal  without  regard  to  date,  provided  they  poflefs  fufficient  merit,  and  are  not  fuffi- 
ciently  known  in  this  country,  I  take  the  liberty  of  recommending  to  your  notice  an 
invention  of  lingular  ingenuity,  upwards  of  a  century  old,  but  fo  little  known,  that  the 
(in, my  opinion  inferior,  though  happy)  contrivance  of  Defaguliers  wa»  offered' to  the 
public  Torty  years  afterwards,  and  (till  continues  in  ufe. 

I  am,  SIR, 

Your's,  &c. 

R.  B. 


«M^m^^HPWMnwi' 


If  it  be  defired  #  to  move  a  wheel  of  24  teeth  by  a  pinion  of  fix,  in  fuch  a  manner  that 
in  certain  parts  of  its  revolutions  it  (hall  move  fo  fwjftly  as  if  it  had  but  12  teeth,  and  in 
other  parts  as  (lowly  as  if  it  had  48  teeth,  the  method  of  accomplifhing  this  is  as  follows : 

i.  Defer ibe  the  right  angled  parallelogram  LMNO,  Fig.  i,  Plate  XVII.  having  its 
fide  N  O  equal  to  the  diameters  of  the  great  wheel  and  the  pinion  taken  together,  and  its 
breadth  L  N  equal  to  their  thicknefs,  which  laft  mud  be  greater,  the  more  conGderable  the 
inequality  of  the  intended  movement. 

Divide  N  O  in  Q,  in  fuch  a  manner  that  Q^O  may  be  to  QJN  as  6  to  48,  that  is  to 
fay,  reciprocally  as  the  velocity  of  the  pinion  to  the  greateft  velocity  of  the  wheel. 

Divide  alfo  L  M  in  P,  in  the  proportion  of  6  to  12,  or  reciprocally  as  the  velocity  of 
the  pinion  to  the  fmalleft  velocity  of  the  wheel.  Then  draw  P  Q^  and  as  many  lines  S  Rf 
parallel  to  L  M,  as  there  are  teeth  intended  in  the  great  wheel,  upon  which  write  the  de- 
gree of  velocity  they  exprefs,  which  are  in  the  inverted  ratio  of  their  lengths. 

2.  Let  two  truncated  cones  be  made  in  the  lathe ;  one  equal  to  what  might  be  formed 
by  the  revolution  of  the  trapezium  L  P  Q^M  round  L  N  as  an  axis,  and  the  other 
equal  to  what  might  be  formed  by  the  revolution  of  the  trapezium  PQ^M  O  round 
the  axis  MO. 

•  In  what  follows  I  tranflate  and  take  the  figure  from  the  Machines  et  Inventions  mfprwsuett  far 
tJUademe  RoyaU  des  Sciences  for  1699,  page  89.— B» 
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On  the  largeft.  of  thefc  two  cones  let  the  circles  generated  bjr  the  revolution  of  the 
points  P,  T,  Q,  be  marked  and  diftinguifhed  by  the  fame  numerical  figures  as  the  cor* 
refpondihg  parallels  of  the  parallelogram  L  O. 

Defcribe  upon  the  two  bafes  of  the  conical  fruftum  radial  lines,  which  (hall  make  angles 
at  the  centre  C,  Fig*  3,  in  the  fame  proportion  to  each  other  as  the  intended  velocities  of 
the  wheel,  as  exprefled  in  Fig.  2,  and  let  teeth  be  cut  in  the  furface  of  the  cone  according 
with  thefe  lines ;  after  which  lpok  on  the  circles  which  exprefe  the  different  velocities* 
and  have  been  traced  on  the  fame  furface,  to  find  what  part  of  each  tooth  ought  to 
remain  oppofite  its  correfpondtng  radius,  and  cut  or  file  away  the  reft.  The  teeth  will 
thus  lie  in  an  elliptical  or  inclined  cur?e  on  the  conical  face,  which  in  the  figure  is  marked 
by  a  darker  (hade. 

The  pinion  mult  be  made  of  a  regular  conical  form,  as  is  (hewn  at  MO,  in  JFig.  3. 

By  this  contrivance  the  largeft  or  wideft  teeth  will  always  meet  the  largeft  part  of  the 
pinion,  and  the  narrowed  will  correfpond  with  the  fmalleft  part  \  by  which  mean9> 
though  the  pinion  has  an  uniform  motion,  the  wheel  will  be  carried  unequably,  according 
to  the  required  law  *• 


»'  ■■  ■  >  — 
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On  the  Solutions  and  Precipitates  of  Mercury.    By  Cit.  Bertboluit+. 


W, 


HITE  fulphate  of  mercury,  (lightly  oxided,  as  defcribed  by  Citizen  Fourcroy  in  the 
laft  volume  of  the  Academy  of  Sciences,  is  obtained  with  more  eafe,  and  in  a  purer  (late, 
by  boiling  very  diluted  fulphuric  acid  upon  mercury.  When  the  liquid  undergoes  a  (Irong 
heat,  it  becomes  oxigenated  fulphate  of  mercury.  When  there  is  not  too  great  an  excefs 
of  acid,  it  is  in  part  decompofed  by  the  water,  which  beomes  acid  by  fcizing  a  portion 
of  the  acid.  It,  however,  contains  lefs  acid  than  tjie  mild  fulphate.  The  proportions 
between  the  precipitated  oxided  fulphate,  and  the  acid  fulphate  fufpended  in  the  water* 
are  different,  according  to  the  temperatures,  the  quantity  of  water,  &c. 

When  the  fulphate  is  decompofed  by  an  alkali,  the  precipitated  oxide  always  retains 
3  fmall  quantity  of  acid. 

Nitric  acid  has  the  fame  habitudes  with  the  oxides   of  mercury.    Citizen  Gay  has 

remarked,  that  when  mercury  is  diflblved  by  heat  in  nitric  acid,  there  is  firft  a  difengage- 

• 

*  The  contrivance  of  Defaguliers,  defcribed  in  his  Courfe  of  Experimental  Pbihfipby,  I.  464*  confifts  of 
two  elliptical  wheels,  Fig.  4  and  5,  connected  by  tooth  or  by  catgut  (which  laft  is  a  very  bad  way.)  They 
revolve  on  their  foci,  and  while  the  driving  ellipfis  moves  uniformly,  the  radius  vector  of  the  other  has  the 
required  motion^— R.  B. 

t  Society  Philomath,  .No.  4U 

ment 


4p6  On  the  Solution  of  Mercury, 

ment  of  nitrous  gas ;  after  which  folution  then  takes  place  quietly,  the  oxigenated  nitrate, 
which  was  firft  formed,  being  decompofed  by  the  portion  of  mercury  which  remains. 
The  nitric  folution  of  mercury  made  by  heat,  cannot  keep  all  the  oxide  of  mercury  in 
folution,  except  by  means  of  an  excefs  of  acid. 

Muriate  of  foda  precipitates  the  nitric  folutions  of  mercury,  and  affords  muriates  which 
differ  according  to  the  degrees  of  oxygenation  of  the  mercury  in  its  folutions. 

Though  the  oxides  of  mercury,  when  too  much  oxigenated,  cannot  remain  combined 
with  the  fulphuric  and  nitric  acids,  it  is  not  the  cafe  with  refpeft  to  the  muriatic  acid 
which,  not  being  fatu  rated  with  oxygen  like  the  two  former  diflblves  mercury,  and  the 
other  metals  at  every  degree  of  oxidation.  Thus  mercury  combined  with  that  acid  in  the 
oxigenated  muriate,  is  much  more  cxided  than  in  the  mod  highly  oxided  of  its  nitric- 
combinations. 

Bayen  has  proved,  that  mod  of  the  precipitates  of  mercury  contain  a  fmall  cpiantity 
of  acid.  Citizen  Berthollet  has  added  new  experiments  to  thofe  already  made  by  this 
chemift. 

When  a  muriatic  folution  of  mercury  is  precipitated  by  carbonate  of  foda,  an  examina- 
tion of  the  precipitate,  and  of  the  fu  pern  at  ant*  fluid,  proves  that  the  latter  contains  the 
alkali  with  a  great  part  of  the  carbonic  acid,  muriatic  acid,  and  a  fmall  quantity  of  oxide 
of  mercury.  The  precipitate  is  formed  of  oxide  of  mercury,  muriate  of  mercury,  and 
carbonate  of  mercury.  When  catbonate  of  pot-afh  is  ufed,  the  precipitate  feizes  all  the 
carbonic  acid,  and  a  greater  pprtion  of  the  muriatic  acid ;  fo  that  it  fublimes  almoft  totally 
in  mercurial  muriate.  The  precipitate  contains  lefs  muriatic  acid,  if  the  carbonate  of 
pot-afh  which  is  ufed  contains  pure  pot-aQi. 

Bayen  had  alfo  remarked,  that  certain  precipitates  of  mercury  pofleflcd  the  property  of 
detonating  when  mixed  with  fulphur,  but  he  has  not  explained  this  phenomenon,  and  the, 
circumftances  under  which  it  prefented  itfelf.  Citizen  Berthollet  has  (hewn,  that  fulphur 
in  contaft  with  the  oxides  of  mercury,  fuddenly  takes  from  them  the  (lightly  adhering 
oxygen,  when  thefe  precipitates  contain  only  a  fmall  quantity  of  muriatic  acid  *  but  this 
effe&  cannot  take  place  when  the  oxide  of  mercury  is  defended  from  the  a&ion  of  the 
fulphur  by  too  large  a  quantity  of  muriatic  acid. 


A  Chemical 
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VI. 

A  Chemical  Analyjis  of  Three  Species  of  Whinftone*    and  Two  of  Lava.     By  Robert 

Kennedt,  M.  D.  F.  R. S.  &  F.  A.S.  Edin. # 


o, 


N  the  5th  of  Auguft  (1798)  I  announced  to  the  Society  that  I  had  discovered  foda 
in  feveral  varieties  of  the  whinftone  f  of  Scotland,  and  alfo  in  lava  from  Mount  JEtna ; 
but  did  not  defcribe  the  various  experiments  to  which  thefe  fubftances  had  be$n  fubjefted 
in  my  examination  of  them*  In  the  following  paper,  therefore,  I  have  the  honour  of 
laying  an  account  of  thefe  experiments  before  the  Society. 

ANALYSIS  I. 
Bafalt    of  Stafa. 

The  fpecimen  of  this  bafalt,  fubmitted  to  the  following  analyfis,  was  given  me  by  a 
gentleman,  who  brought  it  himfelf  from  the  celebrated  bafahic  columns  in  StafFa.  A 
defcription  of  its  external  mineralogical  chara&crs  may  be  found  in  Sir  James  Hall's  paper, 
(p.  8.  and  56  of  our  prcfent  Volume)  to  which  I  beg  leave  to  refer. 

This  bafalt,  though  reduced  to  fine  powder,  does  not  effervefce  with  acids.  The  co- 
lour of  the  powder  is  greyifh,  and  when  wet  greenifh.  By  being  expofed  to  a  low  red 
heat,  the  colour  of  the  (tone  is  changed  to  brown.  It  is  not  attracted  by  the  magnet, 
either  in  its  natural  ftate,  or  after  being  heated  red  hot. 

* 

Its  fpecific  gravity,  taken  in  diftilled  water  at  the  temperature  of  6o°  of  Fahrenheit,  I 
found  to  be  2.872.  , 

Some  fmall  pieces  being  expofed  to  a  low  red  heat  for  half  an  hour,  loft  5  per  cent,  in 
weight  \  and  when  the  (tone  was  reduced  to  powder,  and  heated  red  hot,  the  lofs  was  the 

■ 

fame.  I  alfo  examined  the  effe&s  of  high  heat  on  it,  in  the  following  manner :  having 
made  fome  fmall  crucibles  of  the  porcelain  clay  of  Cornwall,  which  I  ufed  on  account  of 
its  great  purity  and  infufibility,  I  baked  them  in  pretty  ftrong  fires,  generally  above  100  of 
Wedgwood.  As  foon  as  they  were  cold,  they  were  each  exa&ly  weighed.  A  portion  of 
the  bafalt  in  fragments,  alfo  weighed,  being  put  into  one  of  thefe  fmall  crucibles,  and  a 
pyrometer  into  another  of  the  fame  fize,  both  were  placed  in  a  Heflian  crucible.  A  fmall 
flat  cover,  alfo  made  of  the  porcelain  clay,  was  laid  upon  each  \  and  then  a  lid  was  care- 
fully luted  on  the  Heflian  crucible  with  clay  and  fand.  The  apparatus  thus  prepared  was 
next  fet  into  a  furnace ;  and  the  fire  being  raifed  gradually  till  it  appeared  to  have  attained 
the  pitch  defired,  it  was  kept  as  equal  as  pofEblc  for  about  an  hour.    The  fmall  crucible, 

•  From  the  Edinburgh  Tranfa&ions,  1799. 

f  The  name  whinftone  is  ufed  throughout  this  paper  in  a  generic  fenfe,  comprehending  baialt,.  trap, 
certain  kinds  of  porphyry,  wacken,.  and  fome  other  (tones  of.  the  argillaceous  daft* 

3  and 


and  the  melted  bafalt  it  contained,  being  weighed  as  foon  as  cold,  it  was  eafy  to  determine 
how  much  weight  was  loft. 

In  this  manner  fome  of  the  bafalt  was  expofed  to  a  heal:  of  72  of  Wedgwood,  at  which 
it  was  vitrified,  and  loft  exactly  the  fame  weight  as  in  a  low  red  heat.  At  160  the  eflfe&8 
were  in  every  rcfpe£t  the  farhe ;  the  ldfs  toot  being  greater  in  that  intenfe  fire.  The  fmall 
crucibles,  in  which  the  pyrometers  had  been  placed,  did  not  in  thefe  experiments  lofe  thfc 
fmalleft  Weight. 

The  volatile  matter  thus  driven  off  by  hfcat  is  partly  water,  as  the  following  experiment 
fhowft  :  I  put  half  a  pound  troy  of  the  bafalt  in  fragments,  tnto  a  fmall  Wedgwood  retort, 
and  hired  to  it  a  receiver,  into  an  aperture  of  which  was  fitted  one  end  of  a  glafs  tube,  the 
other  end  being  adapted  to  a  pneumatic  apparatus*  The  retort  was  then  heated  flowly  to 
rednefs,  and  4cept  moderately  red  hot  for  two  hours.  In  the  receiver  fome  water  was 
condenfed.  Some  gas  alfo  paiTcd  over ;  but  I  could  not  afcertain  with  precifion  either  its 
quantity  or  its  nature,  as  it  was  mixed  with  the  air  of  the  receiver.  I  have  not  made  far- 
ther experiments  on  the  volatile  matter  contained  in  whins  \  but  it  deferves  to  be  examined 
whh  attention. 

This  bafalt  being  expofed  to  heat  in  a"  muffle,  was  found  to  foften  at  38  of  Wedgwood*. 

Some  of  it  being  reduced  to  fine  powder,  was  boiled  in  thirty  times  its  weight  of  water 
for  half  an  hour.  After  filtration  the  water  was  examined  with  different  chemical  tcfts, 
but  gave  no  precipitate  with  any,  except  a  flight  cloud  with  nitrate  of  filver ;  and  a  portioa 
being  evaporated  to  drynefs,  left  only  fome  thin  ftreaks  on  the  bottom  of  the  glafs. 

Having  premifed  thefe  particulars,  I  proceed  to  defcribe  the  analyfis : 

f  •  One  hundred  grains  of  the  bafalt,  reduced  to  fine  powder  in  a  Wedgwood  mortar, 
were  mixed,  in  a  fmall  retort,  with  about  1200  grains  of  muriatic  acid;  and  a  receiver 
being  adapted,  the  mixture  was  gradually  heated  till  it  boiled.  It  was  at  fixftof  a  brownMh* 
yellow  colour,  but  afterwards  becarne  brownilh.  Part  of  the  powder  was  diflblved.  To 
diftill  off  the  uncombined  acid,  the  heat  was  continued  till  the  mixture  began  to  grow 
thick.  It  was  then  diluted  with  boiling  diftilled  water,  and  poured  on  a  filter ;  and  the 
undifiblved  part,  after  proper  edulcoration,  being  dried  and  heated  red  hot  a  few  minutea 
weighed  67  grai  ns,   and  was  greyifti -white. 

2.  The  filtered  folution  was  of  a  faint  yellowiih -brown  colour.  Being  faturated  with 
cauftic  ammonia,  a  bulky  precipitate  was  thrown  down,  which  was  carefully  feparated  by 
filtration.  It  had  at  fir  ft  a  dirty  grec  nidi-colour,  which  was  afterwards  changed  to  brown 
by  the  a&ion  of  the  air. 

*  The  fufibility  of  this,  and  the  othjer  lubftances  to  be  afterwards  mentioned,  I  examined  with  Sir  James 
Hall.  For  this  purpofe,  a  fmall  piece  of  each  was  placed,  with  a  pyrometer  as  near  to  it  as  poflible,  in  an 
open  muffle  prcvioufly  heated  to  rednefs.  It  could  thus  be  feen  perfectly  during  the  operation,  and  the 
fire  being  raifed,  as  foon  as  it  was  found  to  be  foft,  when  prefied  ilightly  by  an  iron  rod,  the  degree  of 
heat  was  ascertained  by  mcafun'ng  the  pyrometer. 

t  The  mortar  I  ufed  w»»  not  Scratched  by  any  of  the  whini  or  Inn  mentioned  in  thk  paper. 
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3.  The  folution,  after  being  freed  from  this  precipitate,  was  perfe&ly  colourlefs  ind 
tranfparent.  I  dropt  into  it  a  fmall  quantity  of  fulphuric  acid,  which  produced  no  cloud  j 
confequently  the  folution  contained  neither  barytes  nor  ftrontian.  It  was  then  evaporated 
to  a  fmall  quantity,  and  treated  with  carbonate  of  ammonia*  Some  white  earth  was  thrown 
down,  apparently  carbonate  of  lime,  which  after  being  wafhed,  dried,  and  heated  red  hot 
a  few  minutes,  weighed  6\  grains. 

4.  The  infoluble  refiduum,  No*  I.  which  weighed  67!  grains,  I  mixed  in  a  filvef  cru- 
cible with  a  folution  of  cauftic  pot-aih,  containing  as  much  alkali  as  was  equal  to  twice 
the  weight  of  the  refiduum.  This  mixture,  being  evaporated  to  drynefs,  was  expofed  for 
one  hour  to  a  red  heat,  in  which  it  melted.  When  cold,  the  mafs  was  green.  Aftef 
being  foftened,  and  waflied  out  of  the  crucible  with  boiling  diftilled  wafer,  it  was  fuper- 
faturated  with  muriatic  acid,  by  which  the  greater  part  was  diffolved.  This  mixture,  being 
then  evaporated  to  a  fmall  quantity,  became  gelatinous*  It  .was  nett  diluted  with  water* 
digefted,  and  filtered.  Some  filex  remained  on  the  filter,  which,  after  proper  waflilhg 
being  dried,  and  heated  red  hot  a  quarter  of  an  hour,  weighed  43  grains*  and  was  pet* 
fe£Uy  white.  To  learn  whethef  this  filex  was  free  from  every  other  earth,  I  mixed  a  part 
of  it  with  four  parts  of  carbonate  of  foda,  and  melted  the  mixture  in  a  filver  crucible* 
Water,  being  poured  on  the  melted  mafs  diffolved  it  entirely  into  a  liquor  fiiicum,  which 
was  diluted  largely,  and  faturated  exa&ly  with  an  acid.  No  precipitate  appeared*  evert, 
after  fix  or  eight  days  j  therefore  thefe  43  grains  were  pure  filex. 

5.  The  Motion,  No.  4.  (from  which  the  filex  had  been  fcparated),  was  of  a  light 
greenifh  colour.  Cauftic  ammonia,  when  poured  into  it,  threw  down  a  brownifb  ptecipi* 
tate.  Having  carefully  feparated  this  precipitate,  and  wafhed  it  on  si  fiher,  I  dropt  into 
the  remaining  folution,  which  was  now  colourlefs  and  trxnfpaftntj  a  fmall  quantity  of 
fulphuric  acid,  in  order  to  dete&  barytes  or  ftrontian.  No  precipitate  waa  formed.  That 
folution  was  then  evaporated  to  a  fmall  quantity,  and  treated  with  carbonate  of  airimotiia* 
by  which  a  fecond  portion  of  carbonate  of  lime  was  obtained*  Its  weight,  after  being 
heated  red  hot,  was  94  grains. 

6.  The  brownifli  precipitates,  thrown  down  from  the  folutioits  No.  2.  and  $.  hf  cauftic 
ammonia,  had  the  appearance  of  argil  mixed  whh  iron.  To  feparate  the  atgH,  thefe  pre- 
cipitates were  mixed  together,  and  boiled,  while  ftHl  moift,  in  a  folution  of  catfftfe  pot-a(h, 
in  a  filver  crucible.  A  part  was  diffolved ;  but  a  fpofigy  matter  remained*  of  tt  darker- 
brown  colour  than  at  firft,  which  was  colle&ed  on  a  filter. 

7.  Into  the  cauftic-alkaline  folution  I  poured  fulphuric  acid,  till  flightly  in  excefs,  and 
neutralifed  it  again  by  carbonate  effbda.  The  argH  was  precipitated;  which  being  fuffi- 
ciently  wafhed,  waa  re-diflblved  in  diluted  fulphuric  acid.  This  folution  was  then  mixed 
with  fome  acetite  of  pot-afh,  and  gave,  by  fucceflive  evaporations,  fmall  regular  cryftals 
of  alma*  Atlaft.  it  became  gelatinous  j  and  being  evaporated  to  drynefs,  and  diluted  again 
with  watery  *ooe  grain  ol  (Hex  was.  kf  tv   ^The  remaining  folution  produced,  to  the  laft  drop, 
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cryftals  of  alum  *•    I  diflblved  thefe  cryftals  in  water,  and  precipitated  the  argil  by  carho 
nate  of  ammonia*    After  being  carefully  walhed,  driedf  and  heated  red  hot  a  quarter  of 
an  hour,  it  weighed  12  grains. 

8.  The  brownifh  matter,  No*  6.  infoluble  in  cauftic  pot-affi,  f^emed  to  b$  Qxyde  -of 
iron ;  and  after  having  been  heated  red  hot,  weighed  24!  grains*  I  powdered  this  mafs, 
and  poured  on  it  fome  acetous  acid,  in  order  to  dete&  magneGa;  but  nothing  was  dif- 
folved.  It  was  next  treated  with  nitric  acid,  which  diflblved  the  iron,  but  left  4  grains  of 
(ilex*  The  iron  being  precipitated,  dried,  and  heated  red  hot,  weighed  20  grains,  and 
was  magnetic.  Sufpe&ing  that  fome  argil  might  dill  be  mixed  with  it,  from  having  efcaped 
the  a&ion  of  the  cauftic  pot-afh,  I  diffolved  5  grains  in  muriatic  acid,  and  precipitated  the 
iron  by  Pruffian  alkali.  Having  feparated  the  blue  precipitate,  I  boiled  the  folution  with 
carbonate  of  foda,  and  obtained  1  grain  of  argil.  Thefe  20  grains  confided,  therefore,  of 
16  grains  of  iron,  and  4  grains  of  argil. 

The  remaining  part  of  the  iron  was  melted  for  an  hour,  with  ten  times  its  weight  of 
nitre,  in  order  to  dete&  manganefe.  The  mixture,  however,  when  cold,  was  not  greenifli; 
and  watet  made  a  colourlefs  folution  of  the  faline  matter,  which  did  not  become  turbid* 
when  expofed  fome  days  to  the  a£Hon  of  the  air  t- 

9.  The  two  portions  of  white  earth  above  mentioned,  which  feemed  to  be  carbonate  of 
lime,  weighed  together  16  grains.  To  feparate  magnefia,  if  any  were  mixed  with  thiv 
earth,  I  put  it  into  a  little  water,  and  added  fulphuric  acid  till  flightlyin  excefs*  Sulphate 
of  lime  was  produced.  Having  poured  fome  alcohol  into  this  mixture,  I  filtered  it,  and 
wafhed  the  fulphate  of  lime  with  more  alcohol  diluted  with  water.  The  filtered  liquor 
was  then  boiled  with  carbonate  of  foda,  but  no  magnefia  was  precipitated. 

Thefe  16  grains  were  therefore  carbonate  of  lime,  of  which,  according  to  Mr.  KlaprotV* 
Calculation,  about  9  grains  were  pure  lime. 
One  hundred  parts  of  the  bafalt  of  Staff*  contain,  according  to  the  above  analyfis  1 


Silex,  -   .        -  (No.  4.  7.  and  8.}. 

Argil,        -  -  (No.  7.  and  8.). 

Oxyde  of  iron,  -  (No.  8.)« 

Lime,        -    .  -        (No.  9.)- 

Moifture,  and  other  vol.  matter, 


48 
i<S 
16 
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The  fum  is  94  parts ;  confequently  there  is  a  lofs  of  6  per  cent. 


94 


•  It  therefore  contained  none  of  the  earth  which  Vavquelin  lately  difcovered,  and  to  which  he  has  give* 
the  name  of  glucine. 

f  I  think,  however,  it  it  probable,  that  this  bafalt  contained  a  fmall  quantity  of  manganefe,  both  from 
the  brownifh  colour  of  the  folution,  No,  s*  and  from  the  green  colour  which  the  undiflblved  rcfiduum  gavjt, 
by  fufion,  with  cauftic  pot-ajh* 

About 
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About  a  year  ago  I  analyzed  fpecimcns  of  fome  of  the  whins  in  the  neighbourhood  of 
Edinburgh,  and  found,  that  the  fum  of  the  earths  and  iron,  feparated  by  the  analyfes, 
never  amounted  to  more  than  93  or  94  per  cent.;  fo  that  the  lofs  was  always  equal  to  that 
juft  mentioned.  It  was  this  chrcumftance  which  firft  led  me  to  fufpedr/  that  fome  faline 
fubftance  exifted  in  thefe  fton£s;  and  their  'con fiderabie  fufibility  favoured  the  fufpicion. 

Soon  after  thefe  analyfes  were  made,  I  obferved  another  chrcumftance,  which  amounted 
to  an  abfolute  proof  of  the  whins  containing  fomethfog  of  a  faline  nature,  in  combination 
with  their  earthy  bafes.  Mod  of  the  artificial  cryftallites,  made  by  Sir  James  Hall,  which 
I  had  always  an  opportunity  of  examining,  threw  out  on  their  furfaces,  two  or  three  weeks 
after  their  formation,  a  white  efflorefcence,  which  had  a  very  fait  tafte.  It  was  in  too 
fmall  a  quantity  to  be  collected  and  examined  ;  but  when  waflied  off,  it  was  often  formed  a 
fecond  time. 

I  was  thus  convinced  of  the  exiftence  of  fome  faline  fubftance  in  thefe  bodies,  and  made 
different  experiments  with  feveral  of  them,  in  order  to  feparate  it,  and  afcertain  its  nature ; 
and  foon  found  that  it  was  foda. 

I  (hall  next  defcribe  fome  of  the  methods  by  which  this  alkali  was  mod  eafily  feparated 
from  the  earthy  parts  of  the  whins. 

Experiments  to  obtain  the  Soda>  and  determine  its  Quantity, 

Having  broken  fome  of  the  bafalt  of  StafFa  to  fmall  fragments,  I  weighed  400  grains, 
and  ground  the  whole  with  water  to  an  extremely  fine  powder,  in  a  Wedgwood  mortar. 
The  powder,  and  the  water  with  which  it  had  been  ground,  were  then  put  into  a  fmall 
retort,  and  mixed  with  about  1200  grains  of  fulphuric  acid,  which  I  had  carefully  diftilled 
for  this  operation.  I  placed  the  retort  in  the  fand  bath  of  a  fmall  furnace  which  I  ufe  for 
analyfes,  adapted  a  receiver,  raifed  the  fire  till  the  acid  began  to  diftil  flowly,  and  carried 
on  jhe  diftiilation  to  drynefs.  Water  was  then  poured  into  the  retort,  and  boiled,  the 
mixture  thrown  on  a  filter,  and  the  undifiblved  refiduum  fufficiently  waOied.  This  refi- 
duum  was  next  treated  a  fecond  time  with  a  freih  portion  of  fulphuric  acid ;  and  after- 
wards boiled  with  water,  filtered  and  waflied,  exa&ly  in  the  fame  manner  as  before.  The 
undifiblved  part  of  the  (tone  was  now  almoft  white. 

The  filtered  folutions  being  mixed  together,  were  evaporated  to  drynefs ;  and  the  faline 
mafs  which  remained  was  heated  red  hot  for  one  hour  in  a  clean  and  new  Heflian  crucible. 
When  cold  the  mafs  was  of  a  brick  red  colour.  Having  powdered  it  well,  I  boiled  it  in 
water,  poured  the  whole  on  a  filter,  and  waflied  the  reddifh  matter  carefully.  This  fil- 
tered liquor,  in  which  all  the  foda,  feparated  from  the  bafalt  by  the  fulphuric  acid,  was 
difiblved  in  the  (late  of  fulphate  of  foda,  could  contain  only  a  fmall  quantity  of  earthy 
matter ;  for  the  greater  part  of  the  fulphate  of  argil,  and  of  iron,  formed  by  the  firft  part 
of  the  procefs,  mud  have  been  decompofed  by  the  red  heat,  to  which  the  mafs  was  after- 
wards expofed.  Accordingly,  the  folution  being  treated  with  carbonate  of  ammonia,  only 
a  fmall  quantity  of  a  precipitate  was  thrown  down,  which  was  carefully  feparated.    The 
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folution-  was  then  evaporated  to  dryncfc.  A  faline  mafs  remained*  confiding,  in*  paft^  of 
fulphate  of  ammonia *  to  feparate  which  the  whole  was  expofed  to  heat  in  a.  fmall  crucible^ 
and  when  it  ceafed  to  emit  fumes,  the  heat  vvas  incv&fed  to  rednefs.  A  fixed  white  fak 
*ras  left,  which  weighed  25  grains. 

This  fait' I  re-difiblved  in  water,  added  fome  carbonate  of  ammonia,  and  heated  the 
mixture  till  it  boiled.  A  fmall  quantity  of  an  espthy  precipitate  was  again  thtown  down, 
which  being  feparated  by  filtration,  the  folution  was  evaporated  to  drynefs,  and  the  fall} 
which  remained  heated  red  hot  a  fecond  time.  By  thefe  fucceffive  opcrationa,  all  the  earthy 
matter,  at  firft  diflblved,  was  feparated.  The  fait  now  weighed  23  grains*  abd  had  all  the 
properties  of  fulphate  of  foda.    Thefe  properties  were  the  following : 

i.  It  was  not  volatile  in  a  moderate  red  heat. 

2.  After  being  thus  dried,  it  diflblved  readily  in  about  fix  times  its  weight  of  water,  at 
the  temperature  of  60  of  Fahrenheit. 

3.  This  folution  gave,  by  evaporation,  cryftals  exa&ly  the  fame  inform  as  artificial. ful- 
phate of  foda ;  and  thefe  cryftals  efflorefced  in  dry  air. 

4.  A  part  of  the  folution  of  this  fait  being  boiled  with  carbonate  of  foda,  gave  no  preci- 
pitate ;  a  proof  that  it  contained  no  earthy  matter. 

5.  Some  of  the  folution  being  mixed  with  a  very  ftrong  folution  of  acid  of  tartar,  re* 
mained  unafFe&ed ;  the  (alt  therefore  contained  no  pot-afh. 

6.  Some  of  the  fait  being  diflblved  in  water,  was  decooipofed  by  nitrate  of  barytes;  and 
the  fulphate  of  barytes  produced  was  feparated  by  filtration.     The  nitric  acid,  thus  united 
to  the  alkaline  bafis,  formed  a  faline  compound,  which,  in  the  next  place,  was  mixed  and 
deflagrated  with  charcoal.    By  wafhing  the  coaly  refiduum,  and  evaporating  the  water,  I. 
obtained  pure  carbonate  of  foda,  which  efflorefced  readily*  in  the  air. 

There,  can  be  no  fufpicion  of  the  retort  which  was  ufed  furnifbing  any  part  of  the- alkali-; 
for  I  weighed  it  previoufly  in  a  balance  of  great  accuracy ;  and  after  the  operation  wa* 
finiihed,  found  its  weight  exa£Hy  the  fame  as  at  firft*  and  the  luftre  of  the  glafs  altogether 
unimpaired. 

The  whin  which  I  next  fubmitted  to  examination,  for  the  purpofe  of  feparatino>  the- 
foda,  was  taken  from  a  quarry  near  the  Water  of  Leith*;  I  ufed  a  confidence  quantity^ 
800  grains;  which  were  dtftilled  twice  with  fulphurie  acid,  and  then  treated  in  every-re- 
fpeft  exa&ly  as  the  preceding.    The  fulphate  of  foda  obtained,  amounted  to  43  grains. 

I  afterwards  fubjefted  fome  other  whinftones  to  the  fame  kind  of  procefles,  and  ineaehv 
fpecies  found  foda.  The  nitric  and  muriatic  acids  alfo  dtflblve  a  certain  quantity  of « the 
alkali  contained  in  thefe  fubftances }  but  their  adion  is  weaker  than  that  of  the  fulphurie 
acid. 

*  This  fpecies  is  the  firft  mentioned  in  Sir  James  Hall's  paper.  When  powdered,  it  effervefced  (lightly 
with  acids.  I  did  not  analyze  it ;  but,  in  the  courfe  of  the  prbcefs  for  detecting  foda,  one  of  the  earthy 
precipitates  proved,  upon  examination,  to  be  magnefia.  It  is  the  only  whin  in  which  I  have  found  this 
earth. 
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By  the  experiments  now  defcribed,  there  were  feparated  from  roo  parts  of  each  of  the, 
whins,  between  five  and  fix  parts  of  fulphate  of  foda,  which  may  be  equal  to  two  or  tftrct 
parts  of  pure  foda.  But  as  thefe  two  or  three  parts,  when  added  to  the  fum  of  the  earths 
and  iron,  did  not  account  for  the  lofs  of  6  or  7  per  cent,  always  obferved  in  my  analyfes,  I 
was  fatisfied  that  the  whole  of  the  alkali  was  not  obtained  by  the.  proceflcs  which  were 
followed  \  even  although,  in  that  with  the  whin  from  the  Water  of  Leith,  it  had  been  ex* 
pofed,  in  very  fine  powder,  to  the  a&ion  of  the  fulphuric  acid,  at  a  boiling  heat,  for  more 
than* eighteen  hours.  It  appeared  necefiary,  therefore,  to*  try  other  methods;  and  after 
fome  confideration  it  occurred  to  me,  that  if  the  powdered  whins  could  be  ezpofed,  while 
red  hot,  to  the  vapours  of  the  fulphuric  acid,  alfo  in  a  red  hot  ftate,  its  power  in  fepa- 
rating  the  whole  of  the  alkali  from  the  earthy  bafes  of  thefe  fubftances,  would  probably  be 
greatly  increafed  in  fo  high  a  a  temperature.  I  fucceeded  in  applying  a  red  heat  both  to 
the  powdered  (lone,  and  to  the  acid  at  the  fame  time,  by  the  following  means. 

Some  of  the  bafalt  of  Staffa  being  mixed,  in  very  fine  powder,  with  three  parts  of  ful- 
phuric acid,  the  mixture  was  evaporated  flowly  to  drynefs  in  a  fand  bath.  The  dry  mafe 
was  then  heated  gradually  to  rednefs,  and  kept  in  the  fire  for  one  hour.  It  was  next  pow- 
dered, and  boiled  in  water;  and  the  water  being  filtered,  was  treated  with  carbonate  of 
ammonia,  which  threw  down  a  fmall  quantity  of  a  brown  ifh  precipitate.  After  feparating 
this  precipitate  by  filtration,  the  liquor  was  evaporated  to  drynefs,  and  the  fulphate  of  foda, 
which  was  left,  was  purified  in  the  manner  already  defcribed \  and  heated  red  hot.  It 
amounted  to  9  parts  for  every  100  parts  of  the  bafalt  employed. 

In  this  experiment,  the  fulphuric  acid  was  firft  united  to  a  part  of  the  lime,  of  the  argil, 
and  of  the  iron,  contained  in  the  ftdne  5  and  afterwards,  when  the  mafs  was  expofed  ttf  aJ 
red  heat,  the  acid  was  driven  off  partly  or  wholly  from  thefe,  and -applied  in  red  hot  vapdtrrV 
to  every  part  of  the  powder  \  by  which  its  action  appears  to  have  been  rendered  rifacH 
more  powerful,  as  9  per  cent,  of  fulphate  of  foda  was  produced  :.  and  by  the  fame  prdtefs, 
fe  fimple  and  eafy  to  execute,  I  got  from  the  reft  of  the  fubftanees;  to  be  mentioned  hV 
this  paper,  from  8  to  11  per  cent,  of  fulphate  of  foda,  although,  wfcenf  theywtrf  merely J 
boiled  in  the  acid,  the  quantity  of  this  fait  never  exceeded  5  or  6  per  cent i 

-  As  the  proportion  of  acid  and  alkali  in  neutral  farts  has  not  been  hitherto  determined 
with  certainty,  the  quantity  of  foda  in  thefe  whins  cannot  be  exadiy  known.  But  it  is 
probable  that  9  parts  of  fulphate  of  foda,  dried  by  a  red  heat,-  do  not 'contain  left  than  34 
or  4  parts  of  pure  alkali*  ;  which  muft 'therefore  be  con  fide  red  as  the  weight  in  100  parts 
of  the  bafalt  of  Sofia ;  and  as  3!  or  4  parts  of  foda,  when  added  to  the  fum  of  the  earths 
and  iron,  amount  nearly  to  the  100  parts  of  the  (lone  employed  in  the  analyfis,  this  calcu- 
lation may  be  reckoned  very  near  the  truth.  For  the  fame*  reafon  I  think  it  likely,  that  . 
the  greater  part,  ot  the  whole  of  the  foda,  was  obtained  from  the  bafalt  by  the-  procefs 
which  has  been  lad  defcribed. 

*  This  is  nearly  the  proportion  given  by  Mr.  Kirwan. 

It 
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It  is  well  known  among  the  friends  of  the  late  Dr.  Hutton,  that  he  made  fome  experi- 
ments on  zeolite ;  by  which  he  concluded,  that  foda  entered  into  the  com pofi lion  of  that 
fubftance  *.  He  has  not  mentioned  the  circumftance  in  any  of  his  works  ;  but  Dr.  Black 
has  been  accuftomed,  as  he  informed  me  hirhfelf,  to  take  notice  of  it  in  his  lectures  on 
chemiftry,  for  many  years.  It. is  my  intention  to  analyze  fome  fpecies  of  zeolite;  and  if 
the  refults  feem  of  any  importance,  they  (hall  be  laid  before  the  Society. 

Among  the  experiments  on' the  bafalt  of  Staffa,  already  defcribed,  it  has  been  obferved, 
that,  when  the  powder  was  boiled  in  water,  a  flight  precipitate  was  produced  in  the  water 
by  nitrate  of  diver,  thus  indicating  fome  traces  of  muriatic  acid.  As  it  appeared  of  im- 
portance to  determine  how  much  of  this  acid' the  bafalt  contained,  I  fubje&ed  fome  of  it  to 
examination  for  that  purpofe.  x 

Experiments  to  afcertain  the  Quantity  of  Muriatic  Acid  in  the  Bafalt  of  Staffa* 

One  hundred  grains  of  the  ftone,  in  fine  powder,  were  mixed  in  a  fmall  retort  with 
fome  nitric  acid ;  and  a  receiver  being  adapted,  the  mixture  was  boiled  gently,  till  the 
greater  part  of  the  acid  had  diftilled  over.  The  liquor  in  the  receiver  being  examined  with 
nitrate  of  barytes,  remained  unaffected ;  but  gave  a  flight  cloud  .with  nitrate  of  filvcr, 
which  (hewed  that  it  contained  fome  muriatic  acid. 

The  mafs  in  the  retort  being  diluted  with  water,  the  whole  was  filtered ;  and  this  filtered 
liquor  produced  no  cloud  with  nitrate  of  barytes,  but  gave,  like  the  former,  a  flight  pre- 
cipitate with  nitrate  of  filver. 

In  the  next  place,  the  undifiblved  reGduum  was  mixed  with  twice  its  weight  of  very  pure 
eauftic  pot-afh,  and  expofed  to  a  low  red  heat,  for  an  hour,  in  a  filver  crucible.  The 
mafs  was  then  diluted  with  water,  fuperfaturated  flightly  with  nitric  acid,  and  filtered. 
With  this  folution  nitrate  of  barytes  produced  no  effect ;  confequently,  thefe  experiments 
(how,  that  the  ftone  in  queftion  does  not  contain  any  traces  of  fulphuric  acid.  With 
nitrate  of  filver,  however,  the  folution  gave  a  white  precipitate,  more  abundant  than  the 
two  preceding.  The  different  portions  of  muriate  of  filver,  being  collected,  and  dried  on 
a  fand  bath,  weighed  only  4  grains. 

As  a  fourth  part  of  muriate  of  filver  confifts  of  acid,  according  to  the  moft  correct 
experiments  hitherto  publifhed,  thefe  4  grains  confequently  indicate,  in  100  parts  of  this 
bafalt,  only  about  one  of  muriatic  acid.  All  the  whins  and  lavas,  to  be  mentioned  in 
the  remaining  part  of  this  paper,  were  found,  by  a  fimilar  process,  to  contain  about 
the  fame  quantity. 

*  In  the  26th  volume  of  the  Annales  d$  CbimU,  p.  119.  M.  Scherer,  in  a  letter  to  Van  Mons,  rays,  that 
he  was  informed  by  Dr.  Black,  that  Dr.  Hutton  had,  long  ago,  found  fot-ajb  in  zeolite.  In  this  ftate- 
ment  M.  Scherer  is  incorrect  5  becaufc  it  was  foda,  as  above-mentioned,  which  Dr,  Hutton  obtained  fr*ni 
that  fubftance. 

3  According 
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According  to  the  refults  of  thcfc  different  procefies,  there  are,  in  100  parte  of  the  bafalt 
cf  Staffa, 

SHex,                 -                 -  48 

Argil,            -                ...  .                 -                            16 

Oxyde  of  iron,        •                 .          .  •                                  •                 16 

Lime,                -                •                •  -                                         9 

Moifture,  and  other  vol*  matter,  5 

Soda,  about                  -                -  -                 -                 -4 

Muriatic  acid,  about                *  1 

99 

I  have  thus  detailed  exa&ly  the  various  experiments  performed  in  analyzing  this  fpecies. 

As  all  the  other  whins,  and  the  lavas,  which  follow,  were  analyzed  in  the  fame  manner, 
and  exhibited  nearly  the  fame  chemical  properties,  the  refults  only,  in  each  example,  {hall 
be  mentioned. 

ANALYSIS  H. 

Whin  of  Salt/bury  Rod. 

The  fpecimen  employed  was  chofen  from  the  fouth  fide  of  the  cragg,  and  was  perfe&ly 
Bard  and  free  from  decompofition,  as  the  particular  fpot  from  which  I  broke  it  had  been 
quarried  a  fliort  time  before. 

A  defcription  of  its  external  chara&ers  may  be  found  in  p.  54  of  the  5th  vol.  of  the 
Tranfa&ions  of  the  Royal  Society  of  Edinburgh,  (or  p.  15  of  our  prefent  vol.)  ltd 
powder  is  light  greenifh  grey  ;  but  after  being  wet,  acquires  a  dirty  green  colour.  When 
heated  to  rednefs,  it  becomes  light  brown.  Though  not  attra&ed  by  the  magnet  in  its 
natural  ftate,  it  becomes  magnetic  after  being  heated  red  hot.  It  does  not  effcrvefce  with 
acids.  When  expofed  to  a  low  red  heat  for  half  an  hour,  whether  in  fragments  or  in  pow- 
der, it  lofes  4  per  cent,  in  weight.  It  foftens  at  55  of  Wedgwood.  Its  fpecific  gravity 
is  2.802.  After  being  boiled,  in  the  ftate  of  fine  powder,  in  ten  or  twelve  parts  of 
muriatic  acid,  the  infoluble  refiduum  amounted  to  65  per  cent. 
I  analyzed  200  grains  of  this  whin,  and  found  that  it  contained,  in  100  parts, 
Silex,  -  -     ,  -  -  46 

Argil,  -  -  -  19 

Oxyde  of  iron,  -  -  -  17 

Lime,  -  '     -  -  -  -  8 

Moifture,  and  other  vol.  matter,  ...  4 

Soda,  about  -  -  3.5 

Muriatic  add,  about  -  -  -  -  1 


(To  he  concluded  in  our  next,  J 
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Further  Remarks  on  the  Enquiries  of  Dr.  Herfchei  rcfpcSing  Light  and  Heat.    In  a  Letter 

from  Mr.  John  Leslie. 


M 


To  Mr.  NICHOLSON". 

SIR,  ^ 

London,  Nov:!*],  1800. 


Y  lad  Letter  was  written  under  the  perfuafion  that  your  Journal  for  O&pber  con- 
tained, at  lead  in  fubftance,  the  tvkole  of  Dr.  Herfchel's  late  experiments  and  conje&ures. 
Had  I  forefeen  that  the  fubjeft  would  be  refuraed  in  a  future  number,  I  fliould  certainly 
rjayc  4«*W«4  n?y  remarks  fintjl  the  recital  was  clofcd.  I  now,  therefore,  fee)  myfelf  reluc- 
tantly pompclJe4  tp  jcecpqGflsf  tju?  q«eft|pn,  *q4  t?  fafe  ftiU  Ml*r  difficult**  fltfl  I  fey 
fajjacipi,  *&cl}  prcf*  tl)f  fpqqfl.  fq  ffoft  cafe*  t|*f  tP#  ©f  tfittofm  i#  ffiifc?*W*w*ftQ  of 
time 5  in  every  cafe,  it  is  equally  painful  and  inglorious)  and  in  coming  forward  tyatta^k 
the  folidity  of  fads  and  conclufions  fan&ioned  by  high  authority,  I  ftiall  probably,  with 
men  of  a  certain  clafs,  incur  the  charge  of  temerity  and  prefumption.  But  fuch  prudent 
tial  confiderations  I  utterly  difregajdy  b$Jpg  foimpcfd  that,  on  occafions  like  the  prefent, 
I  may  promote  the  caufe  qf  genuine  fcienc?  as  effectually  by  detecting  errors  a$  by  an- 
nouncing pofitive  difcoveries.  Fortunately,  I  need  not  at  this  time  engage  in  muoh  elabo- 
rate difcuflion.  The  obje&ions  which  I  formerly  urged  fubfift  in  their  full  forge,  por  do  I 
fiqd  on  recolle&iop  apy  material  affertiQn  which  I  fliould  defire  to  correct. 

The  additional  experiments  which  claim  examination  contain  little  indeed  th$t  can  be 
ftri&ly  called  original.  They  are  employed  for  the  molt  ip  ascertaining  fafts  which. have 
been  long  eftabli{hed,  or  which  are  familial  to  every  per/op  who  ha$  tfce  fmajleft  tip&uiQ 
qf  feieqee.  The  paper  opens  yf\\h  a  formality  apd  apparent  caution  that  might  lead  us  to 
expeft  a.  chain  of  .proofs  fcajcely  inferior  to  mathernatk;al  evidepce.  We  are  foop.  forcibly 
rerninded  however,  tfat  fuch  i$  pot. always  the  furcft  road  to  tryth  ;  and  that  (he  minute 
(pirit  of  fubolrvifion  has  prevailed  moft  in  the  dar\  ag$s,  a^o\  in  the  barbarous  department* 
of  literature,  when  fenfe  and  reafon  were,  alike  buried  ip  the  verfage  of  fcbolaftic  fyUo- 
gifms,  definitions,  and  {liftinftions.  To  tfce  rixyftic  npipber  feven,  the  child  of  judicial 
aftrology,  the  Do&or  bows  with  reverence.  Light  not  only  confifts  in  feven  primitive  rays, 
but  each  ray  has  feven  properties  \  and  fo  likewife  corresponding  have  the  "  ra.ys  qf  heat.'9 
To  mufter  up  precifely  thofe  feven  analogous  properties,  however,  required  fopie  degree  of 
management,  fince  one  of  th$m  is  to  inform  us,  that  the  rays  of  light  and  tho(e.  of  heat 
"  are  liable  to  be  Scattered  on  rough  furfaces  i"  an  cxpreffion  which,  if  it  has  any  meaning  at 
all,  muft  denote  irregular  reflection,  and  therefore,  to  common  apprehenfiop  at  leaflt,  feems 
comprized  under  a  former  head.  The  parallel  fo  nicely  drawn  betvyeep  the  vifible  ajid  invi- 
fible  ray%  changes,  in  the  laft  article,  into  a  curious  contrail,  which  aflerts,  in  defpite  of 
vulgar-  prejudices,  that  Light  m?y  not  rive  Hpaf , . and  yet  tj^t  Heat  may  compofe  Light 

Of 


fH  twenty  experiments  which  are  related  in  detail  not  fewer  than  fixteen  hare  no  dke& 
tonne&ion  with  die  qncftion  agitated*    They  refer  merely  to  the  heat  occafioned  by  the 
lays  of  light  from  the  fun,  a  candle*  a  fire,  or  a  red«hot  poker,  when  condeofed  in  the  focus 
of  a  lens  or  fpecnlwn ;  or  to  die  heat  colle&ed  by  convergent  refexion  from  a  betted  mafs 
or  from  die  vicinity  of  a  laminated  fubftance.    In  all  this,  I  can  difcern  nothing  either  new 
or  (biking*    Bat  the  Do&or  thinks  fit  or  convenient  t*  fabftitute  the  word  heat  for  light  -f 
and  that  eafy  change  operates  like  a  magical  charm.    Whatever  property  has  been  attri- 
buted to  die  rays  of  light,  belongs  henceforth  exclufively  to  the  "  invifible  rays  of  heat," 
and  thus  comes  dire&ly  in  fupport  of  his  darling  hypothefis.    Such  a  mode  of  reafoning, 
or  rather  affumption,  hardly  deferves  any  ferioos  refutation.    But  the  Do&or  feems  quite 
tranfported  with  the  difcovery.    In  the  eleventh  experiment,  entitled,  "  On  the  Refra&ion 
of  Solar  Htat"  a  large  Newtonian  telefcope,  with  a  compound  eye-piece,  was  dire&ed  to 
the  fun,  and  by  the  concentration  of  the  broad  beam  of  light  in  the  focus,  a  very  confider* 
%  able  heat,  as  every  body  knows,  was  produced.    The  philofopher  flops,  as  uf  ual,  to  wonder . 
*  How  artfully"  he  exclaims,  "  in  our  prefer*  inftance,  was  heat  fent  from  one  place  to 
"  another  I"    And,  borrowing  the  language  of  Newmarket,  he  continues :— u  Heat  eroding 
"  heat,  through  many  interfering  courfes  without  joftltng  together,  and  each  parcel  arriving 
"  at  laft  (afely  to  its  deftined  place."    The  grand  condofion  is,  that  *  it  cannot  be  doubted 
"  that  the  rays  of  heat  are  fabje&  to  the  laws  of  refra&ion."    In  the  whole  of  this  ftraage 
pafiage,  perhaps  the  only  thing  which  fliould  excite  furprife  in  a  fober  mind,  is  the  glaring 
qpnfufion  of  ideas. 

The  7th  and  8th  experiments,  which  undertake  to  "  refleft  and  condenfe  the  invifible 
'•  folar  rays,"  have  nothing  remarkable  but  their  title.  I  formerly  (bowed,  I  hope  in  a  con- 
vincing manner,  that  thofe  imaginary  invifible  (blar  rays  were  merely  the  warm  portions  of 
air  which  environ  an  illuminated  body.  Of  courfe,  this  heat  may,  as  in  other  cafes,  be 
colle&ed  by  refle&ion.  It  is  not  my  prefent  defign  to  difcufs  the  nature  and  propagation  of 
heat.  But  I  cannot  forbear  mentioning  a  fingle  argument,  which,  if  I  miftake  not,  is  de- 
cifive  againft  the  adherents  of  Radiant  Heat.  No  £a£t  is  better  known  than  that  the  rays 
of  light,  in  traverfing  an  uniform  medium,  are  not  in  the  fmalleft  degree  affe£fced  J>y  its 
moft  violent  agitation,  but  purfue  unvaried  their  re&lineal  courfe.  The  cafe  is  very  dif- 
ferent with  what  is  termed  radiant  heat.  The  experiments  on  which  it  refts  fucceed  only 
in  a  clofe  room,  and  at  very  moderate  diftances  from  the  foorce  of  heat.  It  is  clear,  there- 
fore, that  the  heating  matter  muft  flow  with  fuch  feeble  impulfe  as  to  experience  obftru&ion 
in  its  pafiage  through  the  air,  and  fuffer  much  derangement  from  the  accidental  motions  of 
.  that  fluid.  If  this  fuppofed  radiant  heat  darted  with  a  celerity  in  any  degree  comparable  to 
that  of  light,  nay  even  to  the  velocity  of  thofe  projediles  with  which  we  are  acquainted,-* 
it  would  be  exa&ly  dire&ed  and  concentrated  in  open  air,  and  that  at  diftances  limited 
only  by  the  unavoidable  imperfe&ion  in  the  figure  of  die  refle&ing  iurface.  Hence,  the 
heating  matter,  whatever  it  really  is,  muftfcave  agroflhefs  of  confutation,  and  a  flownefs 
*f  progqefs*  eoremenforate  with  the  dcnfcncfs  and  mrdinary  mobility  of  out  atmofpfacre. 
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The  j  7th,  1 8th,  19th,  and  20th,  are  the  only  experiments  which  requite  any  particular 
notice,  as  feeming  to  countenance  Dr.  HerfcheFs  'paradoxical  opinions.  In  the  firft,  a 
feraicircular  piece  of  pafteboard,  covering  the  .half  of  a  -large  lens,  received  the  coloured 
prifmatio  fpeculum,  but  permitted  the  (i  invifible  rays"  beyond  the  margin  of  the  red  to 
pafs  through  the  glafs.  A  heat  of  45  degrees  was  caufe&in  the  focus.  Biit  with  what  care 
and  nicety  the  experiment  was  performed  maybe  judged,  from  the  ctrcumftance,  that  the 
bulb  of  the  thermometer  appeared  illamed  by  a  reddifh  tint.  This  peTplexi  nonoccurrence, 
however,  only  inflames  the  love  of  the  marvellous.  The  Doftor  very gravdy -proceeds  to 
enquire  whether  invifible  rays  can,  by  copdenfation  or  accumulation,  become  vifible.  He 
muft  entertain  indeed  a  lofty  idea  of  the  nature  and  value  of  experiment,.;  thus  to  fit  it  in 
opposition  to  what  are  accounted  the  dictates  of  common  fenfe.  Had  the  refult. proved 
fuccefsful,  what  a  triumph  gained  over  the  frailty  of  human  reafbn  i  It  would  have  taught 
us  to  liften  with  humility  to  the  dreams  of  a  Platonift  or  vifionary  of  the  prefent  day,  who 
announces  the  new  and  fublime  difcovery,  that  the  addition  of  nothings  makes  fomcthitig. 
But  Dr.  Herfchel's  furmife  was  not  confirmed  ;  and  on  repeating  his  experiments  with  fome 
little  more  attention,  the  effe&  was  only  21  degrees,  being  not  the  half  of  what  was  be- 
fore produced.  This,  among  other  inftances,  may  ferve  as  a  Tample  of  the  author's  accu- 
racy and  circumfpeftion.  But  how  did  he  difcover  that  paileboard  would  intercept  the 
whole  of  the  incident  light?  He  confidently  regards  this  cover,  applied  too  on  the  very 
furface  of  the  burning  glafs,  as  a  perfe&  diaphragm.  Tet  when  an  experiment,  and  the 
only  one  in  any  degree  conclufive,  is  adduced,  tending  to  fupport  an  opinion  moil  repug- 
nant to  our  general  ideas,  we  might  reafonably  expe&  that  every  precaution  would  be  ufed, 
and  the  previous  fteps  at  leaft  fcrupuloufly  determined.  Common  writing-paper,  1  have 
found,  traufmits  about  one-half  of  the  whole  incident  beam.  What  was  the  thicknefs  or 
the. texture  of  the  Doctor's  pafteboard,  we  are  not  informed.  But  even  granting  his  expe- 
riments to  be  performed  with  accuracy,  if  the  pafteboard  permitted  only  the  fix'th  part  of 
the  light  to  pafs,  this  would  have  been  fufficient  to  produce  the  alledged  efFeft.  And  after 
-all,  what  reliance  ought  to  be  placed  on  obfervations  which  are  at  variance  with  every  known 
faft,  and  every  eftablifhed  principle  ? 

The  19th  experiment,  whofe  obje£t  is  "  the  refraction  of  invifible  culinary  heat,"  abfo- 
♦lutely  proves  nothing.  A  hot  cylinder  of  iron  was  placed  near  3  inches  from  a  lens  above 
an  inch  in  diameter,  and  a  thermometer  at  an  equal  diftance  behind  it  in  a  pofnion  corre- 
sponding to  the  fecondary  focus.  The  thermometer  rofe  a  degree  or  two  as  the  iron  cooled, 
and  diffufed  its  heat  among  the  neighbouring  bodies.  Nor  did  it  require  any  vaft  ftretch 
of  ingenuity,  ftill  lefs  an  a&ual  appeal  to  experiment,  to  perceive  that,  each  time  a  fmall 
fcreen  was  interpofed,  the  bulb  would  fufier  a  certain  depreffion  of  temperature. 

The  20th,  and  laft  experiment  is  intended  to  confirm  the  preceding ;  with  what  fuccefs 

will  be  prefently  feen.    Another  thermometer  was  placed  near  the  former,  but  constantly 

expofed  to  .the  ftream  of  heat  i  In  4  or  5  minutes  it  acquired  its  maximum  rife,  amounting 

to  about  a  degree  and  a  halt    The  other  thcrmomer  which  was  fcreened  and  expofed  altev- 
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nately,  gained  an  equal  increafe  of  heat  *,  but,  for  an  obvious  reafon,  required  to  that  effe£fc 
double  the  time.  The  obfervation  was  next  repeated  by  placing  both  thermometers  in  a 
fituation  to  be  equally  afFe&ed  by  the  fcreen,  the  one  in  the  focus  of  the  lens  and  the  other 
befide  it.  The  thermometers  kept  pace  together  in  their  progrefs,  and  their  fluctuations, 
as  often  as  the  fcreen  was  interpofed  or  withdrawn,  corrcfponded  with  tolerable  precifion. 
The  irregular  difference  of  perhaps  a  quarter  of  a  degree  is  furely  a  quantity  too  fmall  to 
form  the  ground  of  any  legitimate  inference.  Tet  mark  with  what  confidence  Dr.  Herfchel 
pronounces  his  precipitate  conclufion :  "  All  which  fo  clearly  confirm  the  effed  of  the  re- 
"  fra&ion  of  the  lens,  that  it  mud  now  be  evident  that  there  are  rays  ifluing  from  hot  iron, 
"  which,  though  in  a  ftate  of  total  inviflbility,  have  a  power  of  occafioning  heat,  and  obey 
u  certain  laws  of  refra£tion,  very,  nearly  the  fame  with  thofe  that  affed  lights**  It  is  truely 
aftonifhing  to  obferve  how  the  mind,  when  once  occupied  by  fome  favourite  idea,  recalls  it 
at  every  ftep,  and  tortures  every  flight  appearance  into  an  argument  for  its  fupport. 

In  another  paper  fince  read  at  the  Royal  Society,  Dr  Herfchel  purfues  his  fubje&  with 
the  fame  monotonous  prolixity.  It  chiefly  confifts  of  experiments  dire&ed  to  afcertain  the 
quantities  of  light  tranfrhitted  through  different  coloured  glades.  But  fuch  refearches  are 
of  no  real  utility  in  a  philosophical  view,  unlefs  many  other  points  had  been  fixed  which 
th&Do&or  entirely  overlooks.  The  thick nefs  of  the  glafs,  its  compofition,  and  the  in- 
tenfity  of  its  thade,  were  of  the  mod  eficritial  confequence.  To  determine  that  depth  of 
tranfmitted  colour,  would  have  required  a  comparifon  with  the  triangular  cells  of  Mayer, 
as  improved  by  Lambert,  Achard,  and  Burja.  The  variable  force  of  the  fun's  rays  ought 
alfo  to  enter  into  the  account,  whether  as  affe&ed  by  his  different  altitude  above  the 
horizon,  or  by  the  condition  of  our  atmofphere,  and  principally  in  refpeA  to  humidity. 
I  hart  obferved  a  very  fenfible  difference  in  the  power  of  folar  light  in  confecutive  days  at 
notfn,  even  when  the  fky  was  apparently  clear.  If  colours  offend  the  eye  by  excefs  or 
defe&,  forrie  grofs  eftimate  maybe  made  of  their  refpedive  degrees  of  illumination;  but 
to  {determine  thofe  in  general  and  with  precifion  by  ocular  contraft,  feems  altogether  an  im- 
prafticable,  if  hot  an  abfurd,  attempt.  In  fa&,  what  juft  comparifon  can  obtain,  for 
ex  a  rh  pie,  between  greek  and  red,  which  are  ftri&ly  things  as  heterogeneous  as  tafte  and 
fmell.  To  increafe  the  embarafiment,  we  cannot  always  judge  of  the  colour  of  the  tranf? 
mined  light  by  that  of  the  fubftance  through  which  the  rays  are  fent.  Thus  a  fun- beam, 
in  emerging  from  pafteboard,  ivory,  or  white  enamel,  will,  according  to  their  thicknefs, 
exhibit  all  the  tints  from  yellow  to  deep  red.  Yet  admitting,  in  its  fulled  extent,  the  ac- 
accuracy  of  Dr.  Herfchel's  refults,  theyfurnifli  no  evidence  whatever  in  fupport  of  his 
hypothefis,  or  indeed  of  any  other,  hypothefis. 

There  is  only  a  fingle  paflagc  in  the  concluding  paper  that  requires  particular  notice. 
Dr.  Herfchel  had  anticipated  one  confequence  which  I  urged  as  an  infurmountable  objec? 
tion  to  his  fyftera ;  namely,  that  a  burning  glafs  would  aft  mod  fiercely  at  fome  diftance 
behind  the  bright  focus.  •  The  Do£tor  tried  this,  and,  as  he  afferts,  found  it  to  fucceedf 
though  he  acknowledges  at  the  feme  time,  and  with  great  truth,  that  the  experiment  was 
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but  a  coarft  one.  After  fuch  a  confeffion,  jour  readers  *  ill  judge  what  degree  of  credit  it 
really  deferves.  Is  it  at  all  likely,  may  poflible,  that  fo  many  able  philofophers,  who  for 
above  a  century  back,  have  employed  their  talents  on  the  improvement  and  application  of 
the  burning  glafs,  fhould  have  totally  overlooked  a  fa&  fo  obvious  and*  fo  palpabje.  The 
Do&or  has  a  remarkable  faculty,  not  peculiar  to  him  however,  of  Burring  over  thofe 
.  points  which  immediately  affe£t  his  opinions,  and  of  dwelling  with  minutenefs  on  what 
all  the  world  may.be  prefumed  to  know.  Had  he  uniformly  execcifed  the  fame  laudable 
fcepticifm  which  he  profeffes  at  the  outfet,  he  might  perchance  have  doubted  whether  hi* 
precursors  were  not  fometimes  right,  and  himfclf  miftaken.  It  would  require  more  than 
ordinary  docility  to  believe  Dr.*Herfchel's  "  coarfe"  experiment,  in  oppofition  to  all  the 
former  .concurrent  testimonies. 

I  now  take  leave,  I  hope  for  ever,  of  this  controverfy.  Without  queftiontig  Dr.  Htrf- 
chel's  fidelity,  I  have  fhown  that  his  affertions  are  not  only  incoafiftent  with  all  our  general 
and  beft  founded  notions,  but  ftand  dire&ly  contradided  by  a&ual  observations  made  with 
peculiar  advantages ;  that  his  experiments  were  injudicioufly  contrived,  executed  without 
circumfpe&ion,  and  liable  to  a  multiplicity  of  inaccuracies  ;  that  his  reafotsSogs,  hew  boldly 
foever  advanced,  were  ftill  more  defective ;  that  his  later,  experiments  are  the  more  vulne- 
rable in  proportion  to  the  confident  totie  which  he  afiuuies  i  that  by  far  the  major  part  of 
them  is  totally  unconnefted  with  the  fubjeA  in  difpete*  and  only  twifted  to  ferve  his  pur- 
pofc  by  the  (bphiftical  cranfpofition  of  terms  ;  and  that  the  few  which  actually  apply  are  of 
fuch  obfeure  and  ambiguous  chara&er  as  to  afford  no  certain  evidence.  In  (hort*  thofc  e*» 
pcriments  and  conje&ures,  taking  their  combined  imprfeffion,  may  for  a  while  gratify  vet 
gar  curiofity,  but  muft  foon  haften  to  final  oblivion.  I  {hould  be  forry  if  my  ftri&ures  gave 
offence  to  Dr.  Herfchei.  If  I  have  fpoken  with  freedom*  I  truft  it  is  in  the  language  which  v 
«onvi£}ion  and  the  love  of.  troth  naturally  infpire.  Undue  authority,  always  deprtifipff  h 
capable  of  producing  moft  fatal  efle&s,  when  fufiered  to  gain  poAeffion  of  the  faiences. 
How  long  did  the  afcendancy  of  Ariftotle,  of  Des  Cartes,  and  (hall  I  add  in  feme  few 
points  that  of  the  venerable  name  of  Newton,  retard  the  advancement  of  real  know* 
ledge.  I  refped  Dr.  HerfcheTs  talents,  I  admire  his  aftronomical  difcovcries,  and  I  am 
perfuaded  that  England,  in  the  decline  of  her  fcience  and  phitofopky,  needs  the  import** 
tio  of  genius  from  abroad,  and  is  honoured  by  becoming  his  adopted  country.  If  I  cannot 
equally  approve  of  feveral  of  his  late  fpcculations,  I  refle&  that  men  feldom  eftimate  arigh^ 
their  own  powers,  feldom  know  where  their  real  ftrength  lies.  Adventuring  on  new  fob- 
je£U  they  are  not  likely  all  at  once  to  acquire  the  (kill,  precifion,  and  caution  which  are 
generally  the  fruit  of  experience  and  patient  application. 

JBut  I  cannot  finifh  the  letter  without  addreffing  a  few  words  to  you,  Sir,  as  editor  of  a 
rcfpe&ablc  Journal.  I  advert  to  the  note  with  which  you  have  honoured  me  at  page  348*. 
I  certainly  prefumed  that  yon  gave  unchanged  the  ideasA  if  not  the  words  of  your  author. 
In  this  it  appears  I  was  miftaken  *  and  I  chearfully  retraft  the  expieffion  to  .which  it  gave 
rife,  and  which  were  merely  the  fpontaneous  effiifion  of  the  moment*    Dr.  Herfchei  only 
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4  f*tP°f€*  <(  d***  &*  cooling  caufes  tnuft  mad  hare  a  ftronger  effe&  on  the  mercury  in  a 
fmall  bulb  ;"  but  why  they  fhould  have  fuch  effett,  is  left  for  others  to  difcover.  Nor  do 
I  think.  Sir,  that  you  were  happy  in  the  attempt  to  extricate  him  from  the  dilemma*  I 
readily  grant  that  currents  of  air  may  afcend,  which*  tlpugh  warmer  than  the  encircling 
mafs  of  atmofphere,  are  colder  than  the  body  ufelf.  But  I  maintain  that  thofe  currents 
have  already  received  their  heat,  and  afcend  only  in  confluence  of  that  communication.— 
The  air  which  touches  the  hot  body  receives  its  full  (hare  of  heat,  and,  at  the  fame  inftant, 
its  force  of  afcenfion  :  after  it  has  begun  to  mount,  the  efieft  has  ceafed ;  nor  can  it  esert 
its  cooling  energy  unlefs  it  again  defcends,  to  renew  the  procefs*.  To  argue  otherwife 
would  require  the  afliftance  of  a  fort  of  aitiology  like  that  with  which  fome  chemical  wri- 
ters have  amufed  us  of  late  years  concerning  pre-difpofing  or  pre-exiftcnt  affinities.  But 
I  will  not  dwell  on  a  difpute  of  trivial  moment.  The  author  of  a  periodical  work,  who  is 
obliged,  frequently  perhaps  without  premeditation,  to  fatisfy  the  urgent  calls  of  his  com* 
pofitor,  is  entitled  to  much  indulgence.  I  moft  readily  excufe  the  pafiage  which  was  criti- 
cifed,  and  which  might  inadvertently  flip  from  your  pen  *  and  by  printing  the  above,  you 
will  give  to  the  public  one  proof  more  of  your  knpartiality%and  candour. 

I  am,  S I  R, 
>  Tour  moft  obedient  Servant, 

JOHN    LSSU& 

[Erratum — in  laft  Number,  page  346,  line  9,  before  vi/uaJ  tcsAjame.} 
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Experiments  and  Obfervations  on  the  light  which  is  fpontaneoufly  emitted*  with  fiwu 
Degree  of  Permanency^  from  various  Bodies.  By  NatBakiml  HviMZt  M.  D. 
F.  B.  S.  and  A.  SA 

INTRODUCTION. 

X  HE  difcoveries  which  have  been  made  with  refpeft  to  light^as  it  proceeds  immediately  - 
from  the  fun,  are  many  and  important  \  but  the  obfervations  on  that  fpecies  of  light 
which  is  fpontaneoufly  emitted  from  various  bodies,  are  not  only  few  in  number,  but  in 
general  very  imperfeft.    The  author  is  therefore  defirous  of  drawing  the  future  attention 

•The  air,  which  St  firft  heated*  ajcends  npon  the  fame  principle  at  other  floating  bodies  §  .namely,  he* 
eaafe  its  fperific  gravity  it  dtminilhed,  and  the  upward  preflure  of  the  fluid. beneath,  it,  therefore,  greater 
than  that  of  the  foper-incumbent  column  added  to  that  of  the  heated  mafs.  The  lower  part  of  &e  whole 
aJcending  current  (which  Mr.  L.  fttmM  to  overlook)  is  at  cold  at  the  reft  of  the  atmoi}>here  j  and  it  is 
obvLeuAythu  portion  which  maintains  the  cooling  prsceit,  by  ftrifcing  the  inferior  fylfot  of  the  thermo- 
meter in  itt  afcent.— N. 

f  PhiloCTrajrf.  1790,  p.  its* 

of 
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of  the  phllofopher  more  particularly  to  this  fubjc&,  and  of  communicating  his  own  ex- 
periments and  obfervations  upon  it,  to  this  learned  Society. 

By  the  fpontaneous  emiflion  of  this  light,  the  author  wiflies  to  diftinguifh  it  from  all 
kinds  of  artificial  phofpliorus;  which,  as  he  apprehends,  differ  eflentially,  in  fome  of 
their  properties,  from  that  light  of  which  he  means  to  treat.  And,  by  its  adhefion  to 
bodies  with  fome  degree  of  permanertcy,  he  diftinguifhes  it  fronvthat'tranfient  fort  of 
light  which  is  obfervable  in  eleftricity,  in  meteors,  and  in  other  lucid  emanations*  The 
light  which  is  the  fubje&  of  this  paper,  he  (hall  therefore  beg  leave  to  difcriminate  by  the 
name  of  fpontaneous  light. 
%The  fubftances  from  which  fuch  light  is  emitted,  are  principally  the  following. 

Marine  animals,  both  irt  a  living  (late,  and  when  deprived  of  life.  As  tnftances  of 
the  firft  may  be  mentioned,  the  (hell-fifh  called  pholas%  the  medufa  phofphorea>  and  various 
other  mollufca. 

When  deprived  of  life,  marine  fifties  in  general  feem  to  abound  with  this  kind  of  light. 
The  honourable  Mr.  Boyle  commonly  obtained  light,  for  his  ufe,  from  the  whiting,  as 
appears  from  many  parts  of  bis  works :  the  author  of  thefe  experiments  and  observations 
procured  his  fifh  light  chiefly  from  the  herrfng  and  the  mackerel. 

The  fle(h  of  quadrupeds  has  %  alfo  been  dbferved  to  emit  light.  Tnftances  of  this  are 
mentioned  by  Fabricius  ab  Aquapendente  ;  by  T.  Bartholin;  by  Mr.  Boyle;  and  by  Dr. 
Beale;  for  which,  fee  T.  Bartholin,  de  Luce  Animaliumy  p.  183;  Boyle's  Works, 
Vol.  III.  p.  304;  Phil.  Tranf.  Vol.  XL  p.  599. 

In  the  clafs  of  infe&s  are  many  which  emit  light  very  copioufly,  particularly  feveral 
fpecies  of  fulgora  or  lantern-fly,  and  of  lampyris  or  glow-worm;  alfo  the  fcolopendra 
eletlrica  ;  and  a  fpecies  of  crab,  called  cancer  fulgens. 

Rotten  wood  is  well  known  to  emit  light  fpontaneoufly.     Peat  earth  alfo  has  the  farms 

*■  * 

property.  Of  the  effe.&s  of  the  latter,  a  remarkable  inftance  is  related  in  Plot's  Natural 
Hiftory  of  Stafford  (hire,  p.  115. 

The  place  where  the  following  experiments  were  made,  was  a  dark  wine-vault, 
which,  for  diftin&ion's  fake,  the  author  calls  the  laboratory.  The  heat  of  this  laboratory 
varied,  throughout  t^e  year,  from  about  40  degrees  of  temperature  to  64  °.  The  thdr. 
mometer  made  ufe  of  was  that  of  Fahrenheit. 

The  weight  is  always  to  be  fuppofed  that  called  troy  weight.  The  liquid  meafure  em- 
ployed, was  that  ufed  for  wine  in  this  country:  the  ouoce  containing  8  drams  avoir- 
dupois ;  and  the  pint,  16  ounces. 

The  water  ufed  in  general  for  the  experiments!  was  pure  fpring  water,  drawn  up  from 
under  ground  by  means  of  a  pump ;  and  it  was  always  employed  cold,  unlefs  otherwife 
txprefied. 
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SECTION  I.    - 

The  Quantity  of  Light  emitted  by  putrefcent  Animal  Suhftances%  is  not  in  Proportion  to  tbe^De- 
gree  of  Putrefaction  in  fuch  Subftances%  as  is  commonly  fuppofed ';  butf  on  the  contrary,  the 
greater  the  Putreftence,  the  lefs  is  the  Quantity  of  Light  emitted. 

EXPERIMENTS. 

Exper.  1.  Two  very  frefli  herrings- were  bought  in  the  morning,  and  hung  up  in  the 
laboratory  ;  on  examining  them  in  the  evening,  they  were  beginning  to  be  luminous. 

Exper.  2.  Three  herrings,  which  were  quite  frefli,  after  being  fcaled  and  gutted,  were 
hung  up  by  a  firing  in  the  laboratory.  The  next  evening  they  were  become  exceedingly 
luminous  \\\  every  part,  and  much  lucid  matter  had  exuded,  as  it  were,  upon  their 
furface,  which  was  eaiily  {craped  off  by  the  blunt  edge  of  a  knife ;  ic  alfo  adhered  to  the 
fingers,  or  other  parts  of  the  body,  when  touched;  but,  as  they  grew  more  putrefcent, 
the  quantity  of  light  diminifhed,  and  at  laft  was  extinguifhed. 

Exper.  3.  A  fingle  herring,  that  was  perfe£Hy  fweet,  was  hung  up  in  the  laboratory. 
On  the  fecond  night,  it  was  covered  with  light ;  on  the  third,  not  fo  lucid  %  on  the  fourth, 
lefs  fo  5  and  fo  on,  in  proportion  to  the  degree  of  putrefcence. 

Exper \  4.  Two  herrings,  fomewhat  ftale,  were  hung  up  in  the  morning,  and  at  8  P.  M. 
one  of  them  was  pretty  luminous,  but  the  other  lefs  fo.  On  the  next  evening,  the  former 
was  but  (lightly  luminous,  and  the  latter  was  dark}  on  the  fuccecding  evening,  they  were 
both  dark.  v* 

Exper.  c.  Two  mackerels  were  brought  from  the  market  at  1  P.  M.  which,  to  the  fight 
and  fmcll,  were  perfe&ly  fweet  and  good.     Being  then  carried  into  the  dark  laboratory, 
and  examined,  the  one  was  found  to  be  a  little  luminous,  and  the  other  pretty  muchfo 
efpecially  about  its  belly. 

Exper.  6.  A  fine  frelh  mackerel,  with  a  bright  eye,  was  purchafcd  about  noon,  and 
placed  as  ufual  in  the  laboratory,  the  temperature  of  which,  at  that  time,  was  about  £4°. 
At  11  P.  M.  this  beautiful  fifh  was  luminous  about  the  head  and  upper  parts*,  and  the 
infidc  of  the  mouth,  which  was  wide  open,  (hone  with  mod  brilliant  light.  The  next 
evening,  the  whole  body  of  the  fifh  was  very  luminous :  on  the  third  night,  it  was  lefs  fo ; 
and  on  the  fourth  the  light  was  nearly  extinguifhed. 

Exper.  7.  In  the  forenoon,  about  ten  o'oclock,  a  couple  of  fine-looking  mackerels  wets 
hung  up  in  the  laboratory,  at  the  temperature  of  560,  and  at  10  P.  M.  they  began  to 
fhine  in  various  parts,  the  light  feeming  to  proceed  from  within  ojitw&nls.  On  the  iecond 
night,  they  put  on  a  luminous  appearance  all  over  their  furface:  on  the  third,  die  light 
was  not  fo  vivid;  and  on  the  fifth  it  was  almoft  extin&.  '»":■- 

N.  B.  In  experiments  of  this  kind,  for  the  produdion  of  light,  the  fiOiet  vfhould 
always  be  gutted,  the  roes  taken  out,  and  the  fcales,  if  any?  carefully  removed;  f  As*be 
roes  are  likewife  very  productive  of  light,  they  fhould  be  preferred. 

OBSER- 
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OBSERVATIONS. 

Obi.  t.  Thefe  experiments  clearly  prove,  that  light  begins  to  be  emitted  by  marine 
tiihet,  before  any  figns  of  putrcfa&ioa  appear  i.  tbey  likewife  demoaftrate,  that  as  foon  aa 
a  great  degree  of  putrcfccoce  has  taken  placet  the  kuninous  property  of  die  fiihea  U  de* 
ftroyed,  and  the  light  extinguilhed. 

Obs.  a.  In  the  inftanee  of  light  proceeding  fpontaneoufly  from  animal  flefli,  recorded  by 
Aquapendente,  the  flefli  emitted  light  before  any  fenfibte  putrefcence  had  taken  place, 
the  meat  being  hong  up  in  the  larder  for  ufe.  In  that  alio  mentioned  by  Bartholin,  in 
1641*  the  flefli  mult  have  been  frefli  and  fweet,  for  it  was  not  intended  to  be  drefled  until 
the  next  day.  Mr,  Boyle,  in  his  report  of  light  ifluing  from  flefli,  cxprefaly  fays,  that 
neither  he,  tior  any  of  thofe  who  were  about  him,  could  perceive  in  it  any  oflenfive  fmcll, 
whence  to  infer  amy  putrefa£tton  *  the  meat  being  judged  very  frefli,  and  well  conditioned, 
and  fit  to  be  drefled*  And,  laftly,  Dr.  Beak,  in  his  account  of  a  luminous  neck  of  veal* 
fays,  that  when  it  was  ditfled,  on  February  die  27th,  fome  of  the  neighbours,  who  faw 
it  fliining,  were  Invited  to  eat  of  it,  and  all  efteeteed  it  as  good  as  they  had  ever  tafted  * 
that  a  part  bt  it  was  kept  for  February  28th  and  19th,  in  which  time  it  loft  nothing  of 
its  fweetnefs. 

Obs.  3.  Whenever  I  wifli  to  obtain  a  plentiful  fuppiy  of  light  from  fiflies,  for  the  pur- 
j>6fe  of  etpfcriments,  I  always  endeavour  to  procure  the  frefheft  that  can  be  had :  long  et-N 
perieirte  and  frequent  dUappbintments  have  taught  me  to  adopt /uch  a  precaution. 

SECTION  n. 

The  Light  here  treated  of  is  a  conftituent  Principle  of  fome  Bodies  >  particularly  of  Marine 
Fi/beSy  and  may  befeparatedfrom  them,  by  a  peculiar  Procefs;  may  be  retained^  and  rendered 
.permanent  fir  fome  Time.  It  feems  to  be  incorporated  with  their  whole  Sub/lance^  and  to 
make  a  Part  thereof^  in  the  fame  Manner  as  any  other  conftituent  Principles* 

EXPERIMENTS. 

The  Flefb  of  Herring*. 

Enper.  I.  A  frefli  herring  was  fplh,  or  divided  longitudinally,  by  a  knife,  into  two 
yam.  Then,  about  four  drams  of  it,  being  tut  acrofs,  were  put  into  a  flotation,  com* 
pofod  df  two  drams  of  Epfom  fait  or  variolated  magncfia,  and  two  ounces  of  cold  fpring 
water  difewfi  up  by  the  pump.  The  liquid  was  contained  in  a  wide-mouthed  three-ounce 
pbtfcl,  which  was  placed  in  the  laboratory.  Upon  carefully  examining  the  liquid,  on  the 
fecond  evening  after  the  procefa  was  begun,  I  could  plainly  perceive  a  lucid  ring  (for  the 
phial  waa  found)  floating  at  the  top  of  the  Uquid,  die  part  below  it  being  dark ;  but,  on 
fhekfog  thephiaH  the  whole  at  once  became  beautifully  luminous,  and  continued  in  that 

•  The  quantity  ufed  ia  each  experiment  was  about  four  drams. 
3  Jtate. 
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ftate.  On  the  third  evening,  the  light  had  again  rifen  to  the  top ;  but  the  lucid  ring  ap- 
peared lefs  vivid,  and,  on  (hairing  the  phial  as  before,  the  liquid  was  not  fo  luminous  as 
on  the  preceding  night. 

Exper.  2.  The  fame  experiment  was  repeated.  On  the  fecond  night,  the  liquid,  being 
agitated,  was  very  luminous;  on  the  third,  not  fo  lucid;  and  on  the  fourth,  the  light  was 
extlnguifhed. 

Exper*  3.  With  Tea  fait  or  muriated  natron  half  a  dram,  and  two  ounces  of  water. 
On  the  fecond  night,  the  liquid,  when  agitated,  was  dark ;  on  the  the  third,  lucid ;  on 
the  fourth,  very  luminous ;  on  the  fifth,  it  began  to  lofe  light  ;  on  the  fixth,  it,  continued 
to  decreafe ;  and  on  the  feventh  it  was  quite  gone.  Neither  the  liquid,  nor  the- herring, 
had  contrasted  any  putrid  fmell. 

Exper.  4.  With  fea  water  two  ounces.  On  the  fecond  night,  dark ;  on  the  third, 
fourth,  and  fifth,  luminous;  on  the  fixth,  nearly  extin£t;  and  on  the  feventh,'  totally, 
The  piece  of  herring,  when  taken  out  and  examined,  was  remarkably  fweet. 

Roe  of  Herring  #. 

Exper.  5.  With  Epfom  fait  two  drams,  and  water  two  ounces.  .On  the  fecond  night, 
the  liquid  w^rfflfttty  luminous  ;  on  the  third  and  fourth,  dill  luminous ;  and  on  the  fifth 
its  light  was  extinft. 

Exper.  6.  With  Glauber's  fait  or  vitriolated  natron  two  drams,  to  two  ounces  of  water* 
On  the  fecond  night,  when  the  phial  was  fliaken,  as  ufual  in  all  thefe  experiments,  the 
liquid  was  pretty  luminous ;  on  the  third,  lefs  fo ;  and  on  the  fourth  the  light  was 
fcarcely  vifible. 

Exper.  7.  With  fea  Water  two  ounces.  On  the  fecond  night,  dark \  on  the  third,  the 
liquid  was  moderately  luminous;  on  the  fourth  and  fifth,  it  had  extraded  much  light ; 
and  on  the  feventh  it  was  ftill  finning.  After  this  procefs,  both  the  roe  and  the  fea  water 
remained  perfe£Uy  fweet. 

The  Flejh  pf  Mackerel. 

Exper.  8.  With  Epfom  fait  two  drams,  and  water  two  ounces.  On  the  fecond  night, 
the  liquid  was  finely  illuminated;  on  the  third,  a  fimilar  appearance;  on  the  fourth,  a 
diminution  of  light ;  on  the  fifth,  it  continued  lucid  in  a  fmall  degree ;  annd  on  the  fixth 
the  light  was  extinguifiied. 

Roe  of  Mackerel. 

Exper.  9.  With  Epfom  fait  two  drams,  and  water  two  ounces.     On  the  fecond  night, 
the  liquid,  when  agitated,  was  exceedingly  bright ;  on  the  third,  the  fame ;  and  on  the 
1  fourth  and  fifth,  ftill  lucid.  -# 


*  The  quantity  ufed  in  each  experiment  was  about -four  draros. 
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The  Tadpole. 

Exper.  10.  It  occurred  to  my  mind,  in  the  year  1797,  to  try  what  efFeft  a  faline  men- 
ftruum  would  have  upon  the  tadpole.  Accordingly,  I  procured  fome  tadpoles  on  the  loth 
of  June,  and  put  fix  of  them  into  a.  folution  of  two  drams  of  Glauber's  fait  in  two  ounces 
of  water.  On  the  11th,  in  the  evening,  the  menftruum  was  dark;  on  the  12th,  after 
{haking  the  phial,  I  was  agreeably  furprifed  to  find  it  impregnated  with  light  \  on  the  13th* 
the  light  was  fo  abundant  as  to  float  on  the  top  of- the  menftruum;  on  the  14th,  the  fame 
phenomenon  appeared ;  on  the  15th  and  1 6th,  it  was  (till  prefent;  on  the  17th,  the 
lucicjnefs  began  to  dimiriifh  ;  on  the  18th,  it  was  faint  ;  and  on  the  19th  it  had  vanifhed. 

Exper.  1  1.  On  the  nth  of  June,  fix  other  tadpoles  were  dropped  into  a  folution  of  one 
dram  of  common  fait  in  three  ounces  of  water.  On  the  12th  and  13th,  the  menftruum 
Was  dark;  on  the  14th,  it  had  extra&ed  from  the  tadpoles  a  very  beautiful  bright  light ; 
on  the  15th,  the  menftruum  was  exceedingly  luminous;  on  the  16th  and  17th,  nearly  the 
fame:  the  light  then  gradually  faded,  fo  that  on  the  21ft  it  was  merely  vifible ;  and  on 
the  22d  it  difappeared. 

Exper.  12.  On  the  21ft  of  June,  the  above  two  experiments  were  repeated;  when  the 
tadpoles  remained  in  the  menftruums  till  the  27th,  but  no  light  was  emitted.  What  was 
the  caufe  of  this  failure  in  thefe  two  laft  experiments  ?  Was  it  the  ten  days9  increafed 
growth  of  the  animal,  which  was  taken  from  the  fame  pond,  that  made  the  difference  ? 

Exper.  13.  The  above  experiments  were  repeated,  when  the  tadpole  had  juft  put  on  the 
ftate  of  a  frog,  but  without  producing  any  lucid  appearance. 

The  Light  is  incorporated  with  the  whole  Subftance  of  Marine  Fijhes. 

Exper.  14.  A  fine  frefh  herring,  being  gutted,  was  divided  longitudinally  into  two" 
parts,  both  of  which  were  hung  up,  by  pieces  of  firing,  in  the  laboratory.  On  the  ad 
night,  they  were  very  lucid  on  the  fkinny  fide,  but  not  on  the  flefhy  or  inward  part;  on 
the  3d,  the  fleftiy  or  central  parts  of  the  fifli,  were  thickly  covered  with  a  rich  az  are 
light ;  on  the  4th,  they  continued  exceedingly  luminous ;  and  on  the  5th  and  6th  they 
were  (till  lucid.  It  is  furprifing  to  think  what  a  profuGon  of  light  was  emitted  from  the 
interior  fubftance  of  this  fingle  fifli. 

Exper.  15.  A  fimilar  experiment  was  made  with  a  mackerel,  and  with  fimilar  effe&s. 
Thefe  two  experiments  were  frequently  repeated. 

Exper.  16.  But  the  foft-roe,  of  both  the  herring  and  the  mackerel,  abounds  more  with 
light  than  even  the  flefli.  When  it  is  in  its  mod  luminous  ftate,  which  generally  happens 
about  the  3d  or  4th  night,  it  will  fometimes  fliine  fo  very  fplendidly,  as  to  appear  like  a 
complete  body  of  light.  It  is  remarkable  that  the  hard-roe,  in  general,  does  not  emit  fo 
much  light  as  the  foft-roe.  When  the  roes  were  ufed,  they  were  laid  upon  plates,  and  de- 
pofited  in  the  laboratory. 

4  OBSER- 
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OBSERVATIONS. 

Obs.  i.  The  above  experiments  clearly  prove,  as  I  apprehend,  that  this  light  is  a  con* 
ftituent  principle  of  marine  fifties  :  and  that  it  is  feparated,  by  the  menftruum  employed 
on  this  occafion,  in  the  fame  way  that  the  principles  of  any  other  body  are  feparated,  by 
the  menftruum  fitted  to  decompofe  it.  They  likewife  (how,  that  it  is  not  partially  but 
wholly  incorporated  with  every  part  of  their  fubftance,  and  makes  a  part  thereof,  in  the 
fame  manner  as  any  other  conftituent  principle. 

Obs.  2.  Light  is  probably  the  firft  conftituent  principle  that  efcapes,  after  the  death  of 
marine  fifties.  The  experiments  of  the  firft  Sedion  teach  us  that  it  appears  foon  after 
death,  even  in  fifties  which,  to  the  eye,  feem  quite  frefti  and  fweet ;  or,  at  leaft,  long 
before  any  fenGble  putrefcence  takes  place.  And  we  have  feen  that  the  flefti  and  roes, 
infufed  in  the  faline  menftruums,  continued  to  emit  light  for  feveral  days,  without  under- 
going any  apparent  putrefa£tive  change. 

Obs,  3.  The  experiments  likewife  render  it  probable,  that  no  offenfive  putrefa&ion 
takes  place  in*  the  fea,  after  the  death  of  fuch  myriads  of  animals  as  muft  needs  daily  perilh 
in  the  vaft  ocean,  (quite  contrary  to  what  happens  on  land ;)  and  that  the  ftefti  of  marine 
fifties  remains  pretty  fweet  for  fome  time,  and  may  become  wholefome  food  for  many 
kinds  of  thofe  which  ftill  remain  alive.  An  eminent  inftance  this,  of  the  wifdom  of  the 
Creator,  in  the  lonftru&ion  of  the  aqueous  part  of  the  world,  which  comprehends,  by 
far,  the  greateft  portion  of  the  terraqueous  globe,  and  is  the  moft  replete  with  ani- 
mal life ! 

SECTION  III. 

Some  Bodies  or  Subftances  have  a  Power  of  extinguifbing  fpontaneous  Light  nvhen  it  is 

applied  to  them. 

EXPERIMENTS. 

The  luminous  matter  proceeding  from  the  herring  and  the  mackerel,  was  quickly  ex- 
tingui(hed  when  mixed  with  the  following  fubftances:  1.  Water  alone,  2.  Water 
impregnated  with  quick-lime.  3.  Water  impregnated  with  carbonic  acid  gas.  4.  Water 
impregnated  with  hepatic  gas.  5.  Fermented  liquors.  6.  Ardent  fpirits.  7.  Mineral 
acids,  both  in  a  concentrated  and  diluted  ftate.  8.  Vegetable  acids.  9.  Fixed  and 
volatile  alkalis,  when  diflblved  in  water,  io.  Neutral  falts:  viz*  faturated  folutions  of 
Epfom  fait,  of  common  fait,  and  offal  ammoniac,  n.  Infufions  or  chamomile  Bowers, 
of  long  pepper,  and  of  camphor,  made  with  boiling-hot  water,  but  not  ufed  till  quite 
cool.     12.  Pure  honey,  if  ufed  alone. 

» 

(To  be  concluded  hereafter.) 
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IX. 

On  Areometry  \  more  particularly  as  it  relates  to  Alcohol  of  different  Strengths  and  Tern,* 

peratures.   By  Cit.  Hassenfratz  ♦. 

JL  HE  Author  calls  the  inftruments  made  ufe  of  for  determining  the  proportion  of  mix- 
tares  of  alcohol  and  water,  alcogradea;  and  after  a  (hort  preface  vefpe&ing  the  ufes  of  fpi» 

• 

ritupus  and  vinous  fluids,  he  proceeds  to  enumerate  the  following  fix  methods  of  meafuring 
the  ftrcngthof  brandies*  &c.  i.  By  the  bubble  or  bead  which  appears  when  the  fluid  i» 
(kaken*  2.  The  fwimming  or  finking  of  oil  poured  therein.  3.  Diftillation,  to  fhow  the 
quantity  of  fpirit.  4.  Burning  the  fluid  in  a  Giver  vefiel,  and  noting  the  refidue.  $.  Wet* 
ting  a  known  quantity  of  dry  gunpowder  with  a  little  of  the  fpirit,  and obfer ring  the  faci- 
lity or  difficulty  with  which  it  inflames.  Thefe  five  methods  are,  as  he  remarks,  not  only 
too  uncertain  tQ  (hew  the  difference  of  fpirit  with  the  defired  precifion,  but  will  even  give 
very  difierept  refults,  according  to  the  management,  with  famplcs  of  the  very  fame  fpirit. 
6.  The  fixth  method  confifts  ia  determining  the  fpecific  gravity  with  die  Areometer,  which 
aj»  it  has  an  appearance  of  precifion,  deferves  to  be  more  minutely  examined. 

The  Areometer  or  inftruments  for  determining  this  fpecifie  gravity  of  fluids  are  of  two 
kinds,  namely,  1.  a  floating  ball,  with  a  ftem  above,  either  graduated  or  fupporting  a  difh 
to  receive  weights,  and  a  counterpoife  below  to  preferve  the  cre£l  pofition ;  and  2.  a  bottle 
terminating  in  two  fmall  apertures,  and  capable  of  holding  the  fame  invariable  bulk  of 
fluid. 

The  firft,  namely,  the  hydrometer  with  the  graduated  (tern  is  mod  in  ufe.  Inftruments 
of  this  kind  have  been  graduated  in  France  by  obferving  certain  points  to  which  the  fubfi- 
dence  was  made  in  water  and  in  alcohol,  or  in  a  faline  fohition.  Nine  of  thofe  more  gene- 
rally ufed  in  that  country  are  exhibited  in  the  following  table  : 


*  Abftra&ed  from  the  fourth  Memoir  on  this  fubjeft,  in  die  Annates  de  Chimie,  XXX  HI.  3. 
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Table  of  Comparifonjbr  the  Areometers  of 


tfames  of  the  Inventors  or  Companies. 

^ 

Names  of  the 

r 
Lante- 

Carrier 

Baume 

Buffat 

Machi 

Mac 

Tuges 

Marc  hands 

Straw 

Specific 

Liquors. 

nay 

Daniel 

d  Aunis 

de  Pajis 

gravity 

Rcaified  Alcohol 

So 

36 

40 

100 

66 

0 

33 

16 

130 

37-5 

0.8276 

MelaiTes  Spirit 

78 

35 

3« 

93 

64 

1 

30-75 

*5-5 

127 

35  5 

0.8372 

Common  Alcohol 

74 

33 

35-3 

87 

62 

2 

27.8 

13 

lai 

33 

0.8508 

Cognac    J  6— ii 
Brandy   {4—  7 

«5 

3i 

3*-75 

79 

5* 

7 

*5 

12  , 

106 

30.75 

0.8636 

60 

30 

3* 

75 

49 

9 

*4 

11.75 

ICO 

30 

0.8675 

Brandy  of  Ba ;  cdona 

61 

3« 

32.75 

79 

5i 

7-75 

*5 

11.5 

102 

30.7 

0.8636 

—  of  Montpellier 

59 

*9-75 

3i 

75 

47 

9«75 

*3 

11. 3 

95 

29 

0.8727 

—  potable  funp.  4  years 

30 

20 

20.5 

40 

»3«75 

22 

11.3 

3-5 

48 

19.6 

0  9320 

of  20  yeart 

28 

V> 

20 

40 

*3 

22.75 

TO.  5 

3-5 

46 

191 

0.9351 

—  artiflcicHe  6—11 

»5 

*9 

18.75 

34 

20 

*3-75 

9-3 

"•5 

4o 

»7- 

0.9427 

Red  Champagne  wine 

5 

12 

11 

10 

2 

33 

05 

0 

13 

11.5 

0.9931 

"White  Burgundy 

4 

11.75 

11 

9 

2 

33 

0.5 

0 

14 

11. 

0.9931 

White  Orleans  Vinegar 

0 

10 

9 

2 

0 

0 

0 

9- 

1.0070 

Diftilled  Water 

0 

10 

10 

5 

0 

34 

o«5 

0      1 

0 

10 

1 .0000 

From  the  imperfe£tion  of  thefe  inftruments,  particularly  with  regard  to  the  indication' 
of  the  component  parts  of  fpirituous  mixtures*  it  has  been  an  obje£t  of  importance  to  phi- 
lofophers,  and  the  proje&ors  of  kgiflative  impofts,  to  examine  the  fubjeft  with  great  pre- 
cifion.  Among  the  philofophers  who  have  made  refearches  on  this  head,  our  author  con- 
fines his  notice  to  Baume,  Briffon,  Gouvenain,  Struve,  Jacob  Fagot,  of  Stockholm,  and 
Blagden.  Of  the  refuhs  obtained  by  thefe  philofophers^  he  gives  concife  tables,  by  means 
of  which  he  has  traced  curves  to  exhibit  the  fame  with  their  comparative  degrees  of  regu- 
larity and  refpedive  differences.     Sec  Plate  XVIII. 

In  examining  thefe  curves,  he  found  that  thofe  of  Fagot  and  Struve  abound  with  finuo- 
fities,  which  prove  that  their  experiments  were  not  made  with  due  care,  and  ought  to  be 
reje&ed  out  of  the  comparifon :  befides  which,  the  fluids  they  ufed  were  too  remote  in 
their  denfities,  from  thofe  which  were  fubje&ed  to  experiment  by  the  four  other  philo- 
fophers. 

On  examining  the  curves  conftru&ed  from  the  experiments  of  the  laft,  it  was  found  that 
the  curve  of  Baume  contains  alfo  a  great  number  of  finuofities ;  that  of  Blagden  lefs,  and 
thofe  of  Briffon  and  Gouvenain  were  the  moft  regular.     Thefe  curves  alfo  appear  to  indi- 
cate, that  the  alcohol  ufed  by  Briffon  bad  a  ftronger  attra&ion  for  water  than  that  of 
Gouvenain;  that  this. lad  was  ftronger  in  this  refpeft  than  that  of  Blagden:  and  laftly,, 
that  the  fpirit  ufed  by  Baume  had  a  weaker  attra&ion  than  either  of  the  other  three*     This 
important  obfervation  (hews,  that  the  pra&ical  ufe  of  any  fet  of  tables  in  determining  the 
fpecific  gravities  of  different  mixtures  of  fpirit  and  water,  muft,  to  a  certain  degree,  be  con- 
fined to  that  fpecies  of  liquor  from. which  the  tables,  or  equivalent  inftrument  was  formed. . 
3.  Notwitta- 
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Notwithftanding  the  regularity  of  the  tables  of  Briffon  and  Gouvenain,  Cit.  Hafienfratz 
was  obliged  to  reje£i  them  in  his  farther  proceedings,  becaufe  thofe  of  Briffon  were  made 
at  one  temperature  only ;  and  from  the  very  uniform  courfe  of  the  differences  in  thofe  of 
Gouvenain,  he  faw  reafon  to  conclude,  that  they  mult  have  been  made  by  interpolation 
between  few  and  diftant  experiments.  He  gives,  neverthelefs.  tabulated  abftrads  of  their 
refults.  -  The  Royal  Society's  experiments  publifhed  by  Sir  Charles  Blagden,  are  conse- 
quently the  foundation  of  his  conftru&ion  of  an  alcograde. 

If  from  thefe  experiments  curves  be  traced,  exprefling  the  denlities  of  the  feveral  com- 
binations  of  water  and  alcohol  taken  at  different  temperatures,  he  obferves,  that  with  re- 
gard to  alcohol  and  its  feveral  combinations,  as  low  as  nine  parts  of  alcohol,  and  one  of 
water,  the  denfity  follows  the  inverfe  proportion  of  the  temperature,  and  the  curve 
becomes  a  (trait  line ;  but  that  every  lefs  proportion  of  alcohol  follows  a  different  inverfe 
proportion ;  that  is  to  fay,  the  line  which  pafles  through  the  extremities  of  the  ordinates, 
is  a  curve  of  which  the  radius  at  curvature  is  longer  the  greater  the  proportion  of  water. 

After  fome  difcuflion  of  the  method  of  forming  the  combinations  by  weight  and  by 
meafure,  the  firft  of  which  has  the  great  advantages  of  accuracy  and  facility  of  experiment, 
with  regard  to  thofe  operations  which  require  change  of  temperature ;  and  the  latter  pof- 
fefles  that  of  being  more  accommodated  to  the  commercial  habits  of  fociety ;  Citizen  H. 
makes  fome  obfervations  on  the  difference  between  brandies,  and  the  mixtures  of  alcohol 
and  water.  Brandy,  fays  he,  is  the  prod u ft  obtained  by  diftillation  from  a  vinous  liquor, 
in  which  the  action  of  fire  changes  the  order  of  the  component  parts,  and  carries  over  this 
fluid :  alcohol  is  the  product  of  a  fecond  operation  of  the  fame  nature,  in  which  (imilar 
effe&s  are  produced  upon  the  brandy.  In  proof  of  the  force  of  this  method  of  considering 
the  fubje£t,  he  remarks,  that  the  brandy  will  not  again  form  wine  by  mixing  it  with  the 
reCdue  left  in  the  (till :  neither  will  the  alcohol  form  brandy  by  mixture  with  the  refiduc, 
from  which  it  was  produced  and  driven  over. 

The  differences  of  the  vinous  fluids  in  denfity  above  or  below  that  of  water,  in  flavor, 
and  other  obvious  chara&ers,  are  extreme ;  and  the  brandies  from  wine  properly  fo  called, 
from  beer,  perry,  cyder,  &c.  are  no  lefs  remarkable  for  their  peculiar  qualities.  All  thefe 
afford  alcohol,  which  has  been  fuppofed  to  be  then  the  fame  fluid ;  but  our  author  confi- 
ders  thefe  alfo  as  differing  in  their  immediate  and  intrinfic  qualities.  The  alcograde  is  in- 
fufficient  for  the  ftri&  exhibition  of  the  variations  of  thefe  with  water,  and  molt  obvioufly 
with  rcfpe£t  to  brandies,  of  which  the  price  is  governed  fo  much  by  qualities  and  circum- 
ftances,  not  at  all  commenfurate  with  their  fpecific  gravities.  For  wines,  beer,  and  other 
immediate  products  of  fermentation,  this  method  of  examination  does  not  appear  to  be  of 
any  ufe. 

He  admits,  neverthelefs,  that  the  alcograde  is  belt  adapted  of  any  inftrument  for  giving 
that  approximate  indication  of  value  which  the  tranfa&ions  of  life  demand.     He  propofes 
the  conftru&ion  of  a  floating  inftrument,  which  (hall  (hew  the  proportion  of  alcohol  by 
infpeflion  at   any  known  temperature   by  graduation.     The  following  table,    is   de- 
rived 


On  the  Strengths  of  the  Mixtures  of  Alcohol 


43* 


rived  from  the  Experiments  of  Gilpin,  in  the  Philofophical  Tranfa£U<Wi794 ;  but  I  muft, 
for  the  fake  of  brevity,  leare  the  confideration  of  the  method  of  its  fabrication  to  the 
Scientific  reader. 

Table  of  the.  lengths  of  the  Tubes  of  Alcogrades,  which  Jhallfbenv  the  Proportions  by  meafure^af 

Alcohol  in  lOOO  parts  of  any  Mixture^  at  different  Temperatures. 


'  Length  of  the  Tube  for  the  Temperatures  Centigrade. 

Proportion  of 

^ 

alcohol  in  1000 

— '—I 

parts  of  the 

. 

whole  mixture. 

0° 

5° 

10° 

15° 

20° 

25° 

30° 

0 

—9 

—10 

—7 

0 

+9 

+21 

+36 

100 

+  102 

+  102 

+  113 

118 

130 

141 

152 

200 

180 

182 

197 

205 

220 

243 

257 

300 

240 

260 

279 

300 

328 

344 

362 

400 

327 

356 

424 

427 

442 

468 

493- 

500 

446 

482 

515 

552 

588 

620 

660 

520 

484 

516 

559 

587 

624 

658 

693 

540 

508 

551, 

585 

623 

661 

697 

737 

560 

550 

587 

622 

660 

699 

737 

777 

580 

*589 

624 

660 

698 

739 

778 

819 

600 

630 

662 

700 

738 

780 

.820 

862 

•   620 

670 

702 

742 

779 

823 

863 

906 

640  - 

711 

743 

786 

822 

868 

908 

952 

660 

753 

785 

831 

866 

914 

954 

1001 

680 

796 

828 

877 

912 

963 

1001 

1052 

700 

839 

878 

925 

961 

1012 

1050 

1104 

720 

885 

921 

976 

1006 

1062 

1101 

1157 

740 

933 

970 

1028 

1061 

1113 

1154 

121  L 

760 

983 

1021 

1081 

1127 

1165 

1209 

1266 

780 

1036 

1075 

1135 

1178 

1217 

1267 

1322 

800 

1091 

1130 

1190 

1231 

1270 

1327 

1379 

820 

1147 

1188 

1247 

1288 

1327 

1388 

1437 

840 

1205 

1248 

1305 

1348 

1388 

1450 

1496 

860 

1266 

1310 

1364 

1411 

1451 

1513 

1556 

880 

1327 

1375 

1424 

1477 

1518 

1577 

1618 

900 

1390 

1441 

1485 

1545 

1588 

1641 

1682 

920 

1456 

1507 

1550 

1616 

1660 

1709 

1751 

940 

1524 

1578 

1620 

1690 

1734 

1781 

1826 

960 

1595 

1652 

1696 

1767 

1809 

1858 

1907 

980 

1669 

1729 

1778 

1847 

1885 

1941 

1994 

1000 

1741 

1810 

1864 

1930 

1961 

2025 

2086 

In  applying  this  table  to  the  purpofe  of  graduating  the  (cylindrical  or  prifmical)  ftem  of 
an  alcograde  or  hydrometer,  the  author  fuppofes  the  inftrument  to  .be  plunged  in  a  liquid  > 
of  the  fpecific  gravity  90,000,  and  afterwards  in  another  liquid  *  of  the  fpccific  gravity 

100,00a 

*  In  this  procefs,  fince  thcfe  divifions  indicate  ten  thoufandth  parts  of  the  portion  moft  deeply  immerfed, 
and  these  are  1096  divifions  on  the  whole  ftem,  it  will  conftitutc  rather  more  than  one-fifth  part  of  the  bulk 

of 
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ioo»ooo»  and  that  the  difference  or  interval  upon  the  ftcm  Between  the  kUcrftftfam  hy  the 
surface  of  the  fluid  m  the  firft  and  in  the  laft  fitttation,  (hall  be  taken  as  a  fcaie  of  too* 

parts ;  and  of  thefefi?rts  the  requifite  portions  being  fet  off  from  the  table  •poo  the  ftem, 
as  marked  Fig.  i.  PI.  XVIII.  the  inftrument  is  then  ready  for  ufe. 

It  (tarn  almoft  unneceflary  to  remark,  that  the  fcaie  upon  the  ftem  muft  be  read  upon 
that  vertical  line  which  is  marked  with  the  temperature  which  a  thermometer  flicws  the 
fluid  to  poflefs.  The  inclined  crofs  line,  which  interfeds  at  the  fame  place  that  vertical 
line  and  the  furface  of  the  fluid,  is  marked  with  the  number  denoting  the  proportion  of 
alcohol  contained  in  iooo  parts  of  the  fluid.  The  redu&ion  of  this  refult  to  any  defired 
ftrength  or  proof,  of  which  the  proportions  of  alcohol  and  water  are  known,  will  be  eafy  to 
moil  arithmeticians,  but  would  extend  our  limits  too  far  if  examples  were  to  be  given 
here. 

4 

of  the  inftrument.    Hence  by  a  rough  calculation,  if  the  length  of  the  ftem  be  about  five  times  the  diameter 
of  the  ball,  the  diameter  of  the  ftem  will  prove  about  one- fix th  part  of  the  diameter  of  the  ball. 

It  is  not  neceftary  to  prepare  two  fluids  of  the  precife  denfitie*  above-mentioned  in  order  to  find  the  in- 
terval, as  it  may  eafily  be  had  from  any  two  fluids  whatever.    Thus,  if  water  at  iooo,  and  alcohol  at  840, 

1000-^84.0 
were  ufed,  the  interval  on  the  ftem  would  be  denoted  by  - 


•tart. 


|60  l600  „        , 

or  —  or  of  the  portion 

tooo  1000         toooo 

moft  deeply  immerfed,  which  are  nearly  the  divifions  of  the  table*  Or,  if  a  fmgle  fluid  be  prefered,  then— 
i.  Weigh  the  whole  inftrument  fufpended  to  the  dilh  of  a  pair  of  fcales.  a.  Find  the  apparent  lofs  the  in- 
ftrument fuffers  by  tmmerfion  in  water,  with  a  load  or  ball  aft  attached  to  it,  of  which  the  refidual  weight  is 
known,  and  can  be  allowed  for.  This  immerfion  muft  be  ad  jutted  to  the  upper  divifion  of  the  ftem. 
3.  Place  a  weight  in  the  oppofite  fcaJe,  equal  to  one-fifth  of.  that  apparent  lofs.  The  inftrument  will  rife, 
and  the  furface  of  the  water  will  interfeft  a  point  at  the  diftance  of  1000  divifions  below  the  fit  ft.  4.  Or  if 
any  fubdivifion  of  that  fifth  part  be  put  into  the  fcaie,  the  rife  of  the  ftem  will  be  a  proportionate  part  of 
•coo.—  W.  N.- 
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JANUARY  1801. 


ARTICLE    I. 

ConJlruSion  and  Ufe  of  an  univerfal  Table  of  Inltrtjl,     By  H.GooaiVYst  &C- 

To  Mr.  NICHOLSON. 
S  I  R, 

XlS  you  have  inferted  other  tables   in  your  valuable  periodical  wort,   perhaps  the 
enclofed  may  be  thought  worthy  your  notice. 

It  is  not  only  applicable  to  the  calculation  of  interefl  in  this,  but  alfo  in  all  other  nations, 
and  probably  is  as  complete  and  concife  as  the  nature  of  fuch  a  performance  will  admit. 
It  is  derived  from  that  principle  of  prime  numbers  you  have  already  honoured  with 
publication, 

I  am, 


SIR, 


Id,  Dec.  ij,   1800. 
Vol.  IV.— January  1801. 


Your  moft  humble  fcivanr, 
3  K 


H.  GOODWYN. 
AD: 
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4  Defci-tption  sf  the  Table. 

This  table  confifti  of  ten  principal  divifions. 

In  the  left  hand  column  of  the  firfl  nine  divifions  are  two  cyphers,  which  in  ufe  1 


always  the  pretedence. 


:  fecond  column  from  the  left  of  each  of  the  firfl  nine  divifions  certains  a 
cypher,  followed  by  the  nine  digits,  both  arithmetically  and  perpendicularly  arranged. 
And,  either  the  cypher,  or  one  of  the  digits,  is  always  to  be  placed  nest  to  and  on  the 
left  hand  of  the  two  cyphers  full  above-mentioned. 

At  the  top  of  each  of  the  firfl  nine  principal  divifions  is  an  horizontal  line,  containing 
eight  circulating  figures,  which  arc  to  be  annexed  to  the  two  firfl  mentioned  cyphers,  and 
the  other  cypher,  or  digit,  next  mentioned  above,  according  to  fuch  an  arrangement  as 
will  be  hereafter  defcribed. 

In  the  body  of  each  of  the  firfl  nine  divifions,  and  oppofite  either  to  the  cypher  or  to 
one  of  the  nine  digits  under  the  arithmetical  arrangement  be  fore- mentioned,  arc  tci 
broken  horizontal  rows  of  days. 

The     ill,  or  uppcrmofl  rows,  againft  the  cyphers,  coma 
ad,  do. 


4tli, 
5  th, 

full, 
7*. 
8th, 
9th, 

loih, 


do. 
do. 


do. 
do. 


ers,  com; 

iln  all  tilt 

days  from 

t  to    36 

1 

do. 

37  »   7* 

2 

do. 

74  to  109 

3 

do. 

1 10  to  145 

4 

do. 

147  to  182 

5 

do. 

183  to  218 

6 

do. 

220  to  255 

7 

do. 

256  to  29 1 

8 

do. 

293  to  328 

9 

do. 

329  to  364 

The  tenth  principal  divifions  contains  five  fets  of  days,  with  the  intercft  of  1/.  per  tent, 
fer  annum,  placed  againft  each  of  them  refpecYively, 

Rules  fir  applying  the  TabU. 

Seek  the  number  of  days,  for  which  the  intereft  is  required,  in  one  of  the  firft;  nine 
principal  divifions,  and  thefe  will  be  eafily  found  by  the  arrangement  above  ftated. 

In  the  left  hand  column  of  the  divifion  adjoining  the  given  number  of  days  are  two 
cyphers,  with  a  decimal  point  on  their  left. 

To  thefe  two  cyphers  add,  from  the  next  column,  the  cypher  01  fingle.  digit,  which  is 
placed  in  a  line  with  the  days  firft  found. 

Next  to  thefe  cyphers  flf  figures,  and  on  their  right,  place  the  eight  circulating  figures, 

which  are  at  the  top  of  the  divifion,  beginning  with  that  immediately  over  the  given  number 

•f  days  (and  which  will  be  the  firft  of  the  new  circulating  part  of  the  complete  intcrefl) 

3  and 
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snd  take  out  the  whole  eight  in  the  order  they  {land,  ending  with  that  immediately  on 
the  left  hand  (which  will  be  the  laft  figure  of  the  circulating  part.)  You  will  then  hare 
obtained  the  complete  intereft  of  iA  at  i  per  cent,  for  the  given  number  of  days. 

To  find  the  tntereft  at  t  per  cent,  of  the  decuples  of  l/.  viz,  io7.  100A  1000A  &c. 
move  the  decimal  point  one,  two,  three,  &c.  places  more  to  the  right  hand,  and  the  com- 
plete intereft  of  the  decuples  will  be  obtained. 

The  intereft  of  iA  to  its  decuples  at  l/.  per  cent,  for  any  given  number  of  days  having 
been  found,  the  intereft  of  any  other  fum,  at  the  fame  rate,  may  ealily  be  derived  from 
ii  by  the  rule  of  practice. 

And  this  amount  being  obtained,  let  it  be  multiplied  by  any  given  rate  of  intereft,  and 
the  product  will  be  the  complete  tntereft  of  any  given  fum,  for  any  given  number  of  days 
at  the  given  rate  of  intereft. 

EXAMPLE    I. 
Required  the  intereft  of  i/.  for  i  day,  at  the  rate  of  i  per  cent,  per  annum. 
In  the  fir  ft  line  of  the  firft  principal  divifion  is  one  day,  and  in  the 

left  hand  column  are  two  cyphers,  viz. 
In  the  fecond  column  from  the   left,  and  againft  the  one  day,  is  a 

cypher,  viz.  - 

In  the  line  of  circulates,  immediately  over  the   one  day,  is  a  cypher, 

viz.  - 

And  this  is  the  firft  circulate  of  the  complete  intereft. 
The  other  feven  circulates  follow  in  rotation,  thus 

This  fum  is  the  anfwer 

EXAMPLE    II. 

Required  the  complete  intereft  of  lA  at  i  per  cent,  per  annum  for  364  days. 

By  the  foregoing  part  or  defcription  of  the  table  364  days  muft  be  in  the  tenth,  or  laft, 
column  of  one  of  the  firft  nine  principal  divifions ;  and  accordingly  it  is  found  at  the 
bottom  of  the  firft  divifion. 

As  before,  in  the  left  hand  column  are  two  cyphers  -  >oo 

In  the  fecond  column  from  the  left,  and  againft  the  364  days,  is  fig. 

In  the  line  of  circulates  immediately  over  364  days,  is  fig. 

The  remaining  circulates  are 

Anfwer 


3K  a 
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EXAMPLE    m. 


Required  the  intereft  of  10/.  i 

looi  and   iood/.  for 

The  intereft  of  i/,  at  i  per  cent 

.  for  i  day,  per  exam* 

do.           io/.      at 

do. 

do.           too/.    (at 

do. 

do.           1000/.  at 

do. 

EXAMPLE    IV. 

i  day,  at  i  per  cent. 


£.  -000027397=6 

•0002739726 
■002739726 
•0^739726 


Required  the  intereft  of  ioooooo*/.  for  364  days  at  the  rate  of  il.  per  cent,  per  annum. 
By    examples    a    and    3,    applied    properly,    the    anfwer    will    be    9972^273  ; 
£.997ri2*oJ. 

EXAMPLE    V. 

Required  the  intereft  of  100000O'/.  for  247  days  at  5/.  per  cent,- 
The  intereft  of  ioooooo-/.  for  247  days,  at  if.  per. 

cent,  is  £676*712328 

5 


Anfwer 


£•3383561643  =  £.33835   12  3 


EXAMPLE    VI. 

Required  the  intereft  of  1 220  at  4/.  per  cent,  per  annum  for  263  days. 
The  intereft  of  l/.  at   ll.  per  cent,  per  annum  for 

263   days  is  "00720547945,  and  of£.  1000-        is£.  7^0547 

aoo  or  I  1*44109 

20  or  t'h  -14416 


£•8-79066 


£.35*1624  =  £.35  3  3 


InUreft  Talle. 


A    TABLE 


Shewing,  by  InfjtecJicn,   the  complete  Intcreft  of  One  Pound  at  the  Rate  of  £.  i  per  cent,  per  annum  ;  and 
by  Induction  the  complete  btitrefl  of  any  Sum,  at  any  Rate,  and  far  any  given   Number  of  Days,  from 
365,  in  Decimals  of  a  Pound  Sterling. 


76  103 

149  176  i 


-7"    43    65 
-143  116  ijg  , 


189  161  184  zS; 


<" 

0       9    s 

8 

9 

* 

s 

Djjt. 

77* 
15c 

icS— 

113 131 

1S1 

154 — 

69 
14s 

-5K- 

— 

H 

,54- 

>6j 

•£ 

317 — 

33- 350 

>6] 

-.- 

5P— 

!■-'• 

D,„. 

-*•-.  MM  .95  198 

301   309  3.6  313- 

-183  ijj  168  171 
-3j6  34"  3*8  344 

D.y-. 

87 —  K6— 

140 130  t3» 

151 16*. 

160 1 59 

—  -79 

— -3S* 

*S6 i7fi  178 

359 345   351 
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A  Chemical  Analyfis  of  Three  Species  of  Jt'hinfiatie,    and  Two  of  Lava.      By  Robert 
Kenhbdy,  M.  D.  F.  R-  S.  tr*  F.  A.  S.  EA*. 


(Concluded  froi 


4'SV 


ANALYSIS  III. 
Whin  of  the  Calten  Bill,  near  Edinburgh. 


■m.  HE  rock  of  this  hill  varies  much  in  different  parts ;  but  its  general  character  is  that  of 
porphyry.  The  piece  I  chofe  for  analyfts  was  taken  from  the  fouth  fide,  about  ten  or 
twelve  feet  below  its  higheft  point  -,  and  was  free  from  calcareous  fpar. 

The  external  characters  of  this  particular  piece  are  as  follow;  it  confifU  of  a  greyifh 
bafis,  containing  rhomboida!  cryftals  of  felfpar  of  a  light  reddifivbrown  colour  ;  and  fmall 
fpherical  mafles  of  green  earth.  The  bafis,  in  its  fracture,  is  uneven,  and  earthy,  and 
has  no  luftre.  It  can  be  fcratched  eafily  with  a  knife,  and  gives  an  earthy  fmell  when 
breathed  on.  The  green  earth  is  foft,  and  is  affected  in  fome  degree  by  water  j  and  being 
decompofed  by  the  weather,  as  well  as  the  veins  and  nodules  of  calcareous  fpar,  which  are 
very  common  in  this  hill,  the  rock  in  many  places  is  extremely  porous. 

The  fpecimen  I  have  delcribed  may  be  called  argillaceous  porphyry.  It  effervefcea 
fl'ightly  with  acids ;  fo  that  the  lime  which  it  contains  muft  be  united  to  carbonic  acid.  Its 
powder  is  light  grey,  with  a  certain  (hade  of  purple.  When  heated  to  rednefs,  it  becomes 
of  a  brown  colour.  It  is  not  attracted  by  the  magnet,  either  in  its  natural  (late,  or  after 
ignition.  By  being  expofed  to  a  low  red  heat  for  half  an  hour,  it  lofes  5  per  cent-  of  its 
weight.  It  foftens  at  44  of  Wedgwood.  Its  fpecific  gravity  is  2.66j,  as  nearly  as  I  could 
afcertain,  from  the  effect  which  the  water  had  in  making  it  crumble  down. 
One  hundred  parts  contain, 

Silex,  -  -  ... 

Argil,  -  -  ... 

Oxydc  of  iron,  ■  - 

Carbonate  of  Lime,  - 

Moiflure,  and  other  vol.  matter,  - 

.  Soda,  about  • 

Muriatic  acid)  about  .... 


S° 

18.50 

10.7s 

3 

S 

4 


A  Chemical  Analyst  of  Three  Sptciet  ef  Whinjont,  and  Two  ef  Lava.  439 

ANALYSIS  IV. 
Lava  of  Catania.  jElna. 
This  lava,  and  the  fpecies  to  be  next  mentioned,  were  brought  from  Mount  .ffitna  by 
Sir  James  Hall  and  Dr.  James  Home.  At  their  requeft  I  analyzed  fpecimens  of  each. 
Mineralogifts  are  well  acquainted  with  thefe  lavas,  from  the  defcriptions  which  have  been 
given  of  them  by  M.  Dolomieu  ;  therefore  it  is  unneceffary  for  me  to  mention  their  exter- 
nal characters. 

The  lava  of  Catania  gives  a  powder  of  a  light  grey  colour,  which  is  very  little  changed 
in  appearance  by  being  heated  red  hot.  After  it  is  wet,  it  becomes  dark  grey.  When 
this  lava  is  reduced  to  fmall  fragments,  fome  parts  of  it  are  attracted  by  the  magnet,  and 
others  arc  not.  In  fine  powder  it  is  but  feebly  attracted  1  and  after  ignition  its  qualities  in 
this  refpect  do  not  feem  to  be  altered.  It  foftens  at  33  of  Wedgwood.  The  fpecific  gra- 
vity of  the  pieces  moil  free  from  air  bubbles,  is  2-79,5- 

I  have  expofed  this  lava,  in  the  manner  already  defcribed,  to  various  degrees  of  heat, 
from  rednefs  to  1 38  of  Wedgwood,  and  conftantly  obfenred  that  it  never  loll  the  fmalleft 
weight. 

When  boiled  like  the  whins  in  muriatic  acid,  the  part  remaining  undtfiblved  weighed 
68  ptr  cent. 
There  are  in  100  parts,, 

Silex,  -  -  51 

Argil,  -  -  -  -  -  19 

Oxyde  of  iron,        -----  14,50    ' 

Lime,  -  -  9.50 

Soda,  about  -  -  -  -  .4 

Muriatic  acid,  about  *  n  1 


ANALYSIS    V. 

Lava  S"  Ventre,  PUdimonte,  JEtna  *L 

This  fpecies  gives,  like  the  preceding,  a  greyifh  powder,  which  becomes  dark  grey 
when  wet,  and  its  colour  is  fcarcely  affected  by  being  expofed  to  a  low  red  heal.  It  it 
but  feebly  attracted  by  the  magnet,  whether  in  fmall  fragments  or  in  powder :  and  Us 
qualities  in  this  refpeel  arc  not  changed  by  low  ignition. 

•  Dolomieu,  in  defer ibing  thil  lava,  fays,  that  its  fraflure  is  conchoid al,  like  that  of  fdejt.  The  fueci- 
tnen  which  I  analyzed  had  an  uneven  fracture  \  and  its  colour  was  blatkilh-blue :  in  other  refpeftt,  how- 
ever, it  an/wercd  to  Solomicu's  deftriplion. 

It, 


44<>  A  Ckemieal  Andyfit  of  Thru  Sfitciet  of  JWanJlont,  and  The  ef  lso*l 

It  foftens  at  32  of  Wedgwood,  and  docs  not  lofe  any  weight  in  fires  between  150  and 
160.  Aftet  being  boiled  in  muriatic  acid,  it  left  68  parts  per  cent.  undiflolvcd-  Its  fpe- 
cific  gravity  is  2.823. 

In  100  parts  I  found, 

Silex, 50-75 

Argil,  -  -  ....  ty.jo 

Oxyde  of  iron,  -  -  -  ■        -  M-aS 

Lime,         .--.  -  -  .  10 

Soda,  about  -  4 

Muriatic  acid,  about  ------       1 

97-S° 

In  analyzing  thefe  two  lavas,  I  examined  the  different  folutions,  with  particular  atten- 
tion, for  magnefia,  and  fulphuric  acid ;  but  could  not  detect  any  traces  of  cither  of  thefe 
fub  (lances. 

The  rcfults  of  thefe  analyfes  (how,  that  whins,  and  a  certain  clafs  of  lavas,  taken  from 
remote  quarters  of  the  globe,  confift  of  the  fame  component  elements,  united  in  each, 
nearly  in  the  fame  proportion.  The  only  circumftance  in  which  they  materially  differ,  is 
the  lofs  of  fome  volatile  matter  in  the  fire,  which  is  peculiar  to  the  whins  alone. 

We  need  not  be  now  furprifed  at  the  fa£ls  mentioned  by  Dolomicu,  and  others,  of  foda 
being  found  about  volcanos,  or  upon  the  fur  face  of  lavas ;  as  it  has  thus  been  fliown  to  exile 
in  thefe  fubftances  in  combination  with  their  earthy  bafes- 


The  facts  and  experiments  I  am  next  to  mention  will  prove,  that  whins  and  lavas  are 
not  the  only  Hones  which  contain  foda  j  and  will  even  render  it  probable,  that  this  alkali  « 
widely  difiufed  through  mineral  bodies- 
Soon  after  I  firft  difcovered  it  in  whins,  and  had  communicated  the  circumftance  to  Sir 
James  Hall,  he  fent  me,  from  a  high  fandftone  rock  in  his  eftate,  a  quantity  of  the  fton< 
dcccmpofcd  ;  and  informed  me  that  there  was  a  faline  efflorefcence  mixed  with  it,  which 
was  collected  along  with  the  loofe  matter,  and  which  feemed,  by  the  taftc,  to  be  fea-falr. 
The  place  has  been  long  called  by  the  common  people  the  Salt  Heugb.  By  limply  boiling 
fome  of  the  decompofed  fandy  part  in  water,  and  afterwards  filtering  and  evaporating  the 
water,  I  obtained  regular  cryftals  of  fea  fait,  mixed  with  a  final  I  quantity  of  fulphatc  of 
foda. 

Hence  it  appeared  likely,  that  common  fait  would  be  found  to  be  one  of  the  component 
parts  of  ordinary  fandftone  ft rat a.  To  verify  this  important  obfervation,  I  next  examined 
two  hard  and  folid  fpecimens,  taken  from  fome  depth  below  the  furface,  and  perfectly  free 
from  decompofition.     The  firft  was  broken  from  a  quarry  about  two  miles  to  the  weftward 
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of  Edinburgh.  A  portion  of  it  being  reduced  to  minute  grains,  of  fucb  a  fize  as  the  par- 
ticles of  the  ftone  feemed  to  have  confiftcd  of  originally,  was  mixed  with  fome  diluted 
nitric  acid,  and  boiled  with  it  gently  for  three  hours.  The  acid,  after  being  filtered,  was 
examined  with  nitrate  of  barytes,  with  which  it  produced  only  a  flight  cloud.  But  nitrate 
of  Giver,  when  poured  into  it,  threw  down  a  copious  white  precipitate  of  muriate  of  filver, 
indicating  the  prefence  of  muriatic  acid. 

After  this  precipitate  was  feparated  by  filtration,  the  liquor  which  patTcd  through  was 
evaporated  to  drynefs.  A  falinc  matter  remained,  which  being  mixed  with  fome  charcoal, 
and  heated,  deflagrated  like  nitrous  falts.  Having  walhed  the  coaly  refiduum,  and  evapo- 
rated the  water,  I  got  fome  perfectly  pure  carbonate  of  foda.  There  had  been,  therefore, 
in  the  fandftone,  fome  common  fait,  which,  by  this  procefa,  was  decompofed,  and  its  ac id 
and  alkali  collected  feparately j  but  whether  the  whole  of  the  fait  was  obtained,  and  what 
proportion  it  bore  to  the  earthy  parts,  I  cannot  determine,  as  the  ftone  itfelf  was  nor 
analyzed. 

The  next  fpecimen  was  taken  from  a  ftratum  of  fandftone,  which  lies  below  the  lull  of 
Salifbury  Craig-,  and  I  chofe  this  fpecies,  becaufe  the  whin  to  which  it  is  contiguous  has 
already  been  fhown  to  contain  foda.  Some  of  it  being  reduced  to  the  ftate  of  fine  fand, 
and  treated  in  every  refpect  as  the  preceding,  gave  a  portion  of  muriate  of  filver,  and  of 
carbonate  of  foda.  The  exigence,  therefore,  of  fca  fait  in  thefe  varieties  of  fandftone,  is 
thus  fully  eftablifhed  *. 

The  celebrated  Mr.  Klaproth  of  Berlin  has  already  fhown,  that  pot-alh  enters  into  the 
compofition  of  feveral  ftony  fubftanccs ;  and  by  the  experiments  defcribed  in  this  paper, 
the  other  fixed  alkali,  foda,  has  alfo  been  proved  to  cxift  in  mineral  bodies,  as  it  has  been 
feparated  from  nine  different  varieties;  all  of  which  alfo  contain  a  certain  quantity  of 
muriatic  acid. 

As  cauftic  fixed  alkali  wis  much  ufed  in  thefe  analyfes,  I  (hall  conclude  this  paper  by 
defcribing,  in  a  few  words,  the  method  by  which  I  prepare  it ,  both  becaufe  iis  purity  Is 
of  the  greatcft  importance,  and  becaufe  the  procefs  I  employ  differs,  in  fome  circum- 
ftances,  from  that  of  molt  chemlfts.  Having  obtained  an  alkali  free  from  all  earthy  mat- 
ter, either  by  burning  white  tartar,  or  by  repeated  lolutions  and  cryflallizations  of  carbo- 
nate of  foda,  1  diffolve  it  in  a  considerable  quantity  of  water.  The  requisite  proportion  of 
lime  being  flacked,  and  allowed  to  cool,  it  is  diluted  with  water,  and  then  mixed  with  the 
folution  of  the  alkali.  This  mixture  is  frequently  ftirrcd  during  two  or  three,  days  ,  for 
when  no  heat  is  applied,  the  lime  requires  a  certain  time  to  attract  the  whole  of  the  car- 
bonic acid.  In  the  next  place,  the  mixture  is  filtered  through  a  piece  of  linen  placed  in  a 
funnel,  and  water  poured  on  it  till  the  whole  of  the  alkali  is  warned  out.  As  it  pa  fits 
through,  it  is  poured,  at  intervals,  from  the  bottle  which  receives  it  tirlr,  into  a  fecond 
that  is  clofely  flopped. 

•  Since  theft  experiment)  were  performed,  I  have  f«n  ftvcral  dccoinpofcd  faiulftoacF, 
which  there  was  an  effloiefcenccof  common  frit. 
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In  making  the  fixed  alkalis  c 
kinds  of  limeftone  contain  a  ("mail  quantity  of  (ilex  or  argil,  and  as  thefe  earths,  when  in 
a  flare  of  divifion,  arc  foluble  in  boiling  cauftic  alkali,  there  Is  a  probability,  when  heat  is 
applied,  of  it*  being  thus  rendered  impure.  This  is  my  reafon  for  carefully  avoiding  heat 
in  the  fiilt  part  of  the  procefs ;  and  I  have  not  found  that  lime  made  from  chalk',  or  from 
ihe  purer  kinds  of  limcflone  *,  give  any  impurity  whatever  to  the  alkali,  when  mixed  will 
it  cold. 

The  folution,  in  its  weak  (late,  is  Grft  evaporated  in  a  bafon  of  hammered  ironj  poliftied  ; 
but  when  it  is  fomewhat  concentrated,  I  canyon  the  evaporation  in  a  dim  made  of  the 
purcfl  filver,  reduced  from  /una  corma.  After  being  boiled  to  a  fmall  quantity,  it  is  al- 
lowed to  cool,  and  then  put  into  a  well,  flopped  bottle  for  fome  days  ;  during  which,  if 
the  evaporation  has  been  continued  long  enough,  the  neutral  falls  cryftallize,  as  Mr. 
l.owitz  has  pointed  out.  Afterwards,  the  fulution  is  carefully  decanted  from  thefe  falu, 
and  again  evaporated  in  the  filver  dHh,  till  it  acquires  the  confidence  of  thin  oil  f.  In  this 
ftate,  fo  little  water  is  prefent,  that  any  part  of  the  alkali,  which  may  be  united  to  carbonic 
acid,  cryftallizes,  and  alfo  any  neutral  fait  that  may  remain  ;  and  the  foluiion  being  de- 
canted a  fcgond  time,  is  obtained  perfectly  pure,  colourlefs,  am!  tranfrarent. 

In  the  laft  boiling  it  is  fomewhat  difficult  to  obferve  the  exa£t  degree  of  concentration 
at  which  all  the  alkaline  carbonate  will  cryftallize  ;  and  if  the  evaporation  is  carried  too 
far,  the  cauftic  alkali,  if  pot-afh,  cryftallizes  itfclf :  fo  that  feveral  evaporations  are  fome- 
limes  requifite. 

When  no  more  water  remains  in  the  folution  than  is  jufl  fufficient  to  hold  the  cauftic 
alkali  diffolved,  it  contains  nearly  half  its  weight  of  alkali ;  but  the  exact  quantity  is  eafily 
known,  by  evaporating  a  portion  to  drynefs  in  a  filver  crucible.  Before  ufing  fuch  a  folu- 
tion for  analyfes,  I  afcertain  its  purity  in  the  following  manner :  fome  of  it  being  fuper- 
faturated  with  perfectly  pure  nitric  acid,  is  examined  with  nitrate  of  barytes  and  of  filver ; 
with  neither  of  which,  if  properly  made,  it  will  give  the  fmalleft  cloud;  confequcntly  it 
can  contain  no  fiilphuric  or  muriatic  acid. 

Another  portion  being  faturated  exactly  with  a  pure  acid,  the  whole  is  evaporated  to 
drynefs,  and  the  fait  left  is  rediffblved  in  a  little  water.  If  any  earth  were  contained  in  the 
cauftic  alkali,  it  would  remain  thus  undUTolved ;  but  when  made  as  above  defcribed,  I  hare 
never,  in  this  examination,  obferved  the  fmalleft  fediment. 

After  the  alkali  is  purified  from  neutral  fatts,  and  from  the  part  united  to  carbonic  acid, 
it  may  itfelf  be  cryftallized  by  farther  evaporation,  as  Mr.  Lowitz  has  fhown.  But  this 
procefs  fcems  of  no  ufe  in  chemical  analyfis,  as  the  alkali  is  previoufly  obtained  altogether 
pure. 
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h  he  boil*  with  the  alkali.     (Beilragt,  vol.  i 


*  Mr.  Klapioth  (j lis  lime  made  of  Carrara  marble, 
preface.) 

1   Mv.  Lowiti,  in  (hfcribing  His  procefs  for  crjftilliiing  cauftic  pot-afh,  direfls  the  lift  evaporation  to  be 
pei  formed  in  a  glafe  retort.     This  method  is  very  erroneous ;  in  the  alkali,  when  he-wnl  and  concentrated, 

Willdiffolvc  large  c;uar:tilitl  of  tlie  glafi. 
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Defiription  and  Vfe  of  a  cheap  andfunple  Apparatus  for  teaching  thefitfl  Principles  if  Me- 
chanics.   By  Richard  LorsiL  Edgeworth,  Efq.  F.R.S.  andM.R.LA.* 

W  E  Jo  not  mean  to  undervalue  either  the  application  of  ftrict  demonftration  to  pro- 
blems in  mechanics,  or  the  exhibition  of  the  molt  accurate  machinery  in  philofophical  lec- 
tures ;  but  we  with  to  point  out  a  method  of  giving  a  general  notion  of  the  mechanical 
organs  to  our  pupils,  which  (hall  be  immediately  obvious  to  their  com prehen lion,  and  which 
may  fcrve  as  s.fure  foundation  for  future  improvement.  When  a  per  foil  perceives  the 
effect  of  his  own  bodily  exertions  with  different  engines,  and  when  he  can  compare  in  a 
rough  manner  their  relative  advantages,  he  is  not  difnofed  to  reject  their  affiftance,  or  to 
expect  more  than  is  reafonable  from  their  application.  The  young  theorift  in  mechanics 
thinks  he  can  produce  a  perpetual  motion  !  When  he  has  been  accuftomed  to  refer  to  the 
plain  dictates  of  common  fenfe  and  experience,  on  this,  as  well  as  on  every  other  fubject, 
he  will  not  eafily  be  led  aftray  by  vifionary  theories. 

To  bring  the  fenfe  of  feeling  to  our  affiftance  in  teaching  the  ufes  of  the  mechanic 
powers,  the  following  apparatus  was  conftru&ed,  to  which  wc  have  given  the  name 
Fanorganon. 

It  it  compofed  of  two  principal  parts  ;  a  frame  to  contain  the  moving  machinery;  and 
a  eapjlan  or  tuindtaft,  which  is  erected  on  a  fill  or  plank,  that  is  funk  a  few  inches  into  the 
ground;  the  frame  is  by  this  means  and  by  fix  braces  or  props  rendered  fteady.  Thccrofs- 
rail,  or  trattfatn^  is  ftrengthened  by  braces  and  a  king-pofi  to  make  ft  lighter  and  cheaper. 
The  capflan  con II its  of  an  upright  (haft,  upon  which  are  fixed  two  drums ;  about  which  a 
rope  may  be  wound  up,  and  two  levers  or  arms  by  which  it  may  be  turned  round.  There 
is  alfo  a  fcrew  of  iron  coiled  round  the  lower  part  of  the  fhaft,  to  fhew  the  properties  of 
the  fcrew  as  a  mechanic  power.  The  rope  which  goes  round  the  drum  paifes  over  one  of 
the  pulleys  near  the  top  of  the  frame,  and  under  another  pulley  near  the  bottom  of  the 
frame.  As  two  drums  of  different  fizes  are  employed,  it  is  necelTary  to  have  an  upright 
roller  to  conduct  the  rope  in  a  proper  direction  la  the  pulleys,  when  either  of  the  drmns  is 
ufed.  Near  the  frame,  and  in  the  direction  in  which  the  rope  runs,  is  laid  a  platform  or 
road  of  deal  boards,  one  board  in  breadth,  and  twenty  or  thirty  feet  long,  upon  which  a 
fmall  fledge  loaded  with  different  weights  may  be  drawn.     Plate  XIX.  Fig.  i. 

F.  F.  The  frame,  b,  t>.  Braces  to  keep  the  frame  Heady,  a.  a.  a.  Angular  braces  to 
itrengthen  the  tranfom ;  and  alfo  a  king-pofi.  S.  A  round,  taper,  liaft,  (lengthened 
above  and  below  the  mortices  with  iron  hoops.     L  L.  Two  arms  or  levers  by  which  the 
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fliaft,  See.  are  to  be  moved  round.  DD.  The  drum,  which  has  t 
circumferences-  R.  The  roller  to  condudt  the  rope.  P.  The  pulley,  round  which  the 
rope  pafles  to  the  larger  drum.  P  2.  Another  pulley  to  anfwer  to  the  fmallcr  drum,  P  3. 
A  pulley  through  which  the  rope  pafles  when  experiments  are  tried  with  levers,  &c.  P  4. 
Ano titer  pulley  through  which  the  rope  panes  when  the  fledge  is  ufed.  Ro.  The  road  of 
deal  boards  for  the  fledge  to  move  on.  SI.  The  fledge  with  pieces  of  hard  wood  attached 
to  it  to  guide  it  on  the  road- 

Ufes  of  the  Panorganon. 

As  this  machine  is  to  be  moved  by  the  force  of  men  or  children,  and  as  their  force  varies 
not  only  with  the  ftrength  and  weight  of  each  individual,  but  alfo  according  to  the  different 
manner  in  which  that  ftrength  or  weight  is  applied,  it  is,  in  the  firft  place,  requifite  to 
eftablifh  one  determinate  mode  of  applying  human  force  to  the  machine ;  and  alfo  a  me- 
thod of  determining  the  relative  force  of  each  individual  whofe  ftrength  is  applied  to  it. 


To  rflimate  the  For 


uith 


vhkh  a  Per/en  can  drav;  horizontally  by  a  Rope  over  kis  Shoulder. 


Experiment  1.  Hang  a  common  long  fcale-beam  (without  fcales  or  chains)  from  the  top 
or  traafom  of  the  frame,  fo  as  that  one  end  of  it  may  come  within  an  inch  of  one  fide  or 
poft  of  the  machine.  Tie  a  rope  to  the  hook  of  the  fcale-beam,  where  the  chains  of  the 
fcale  are  ufually  hung,  and  pal's  it  through  the  pulley  P  3,  which  is  about  four  feet  from 
the  ground  ;  let  the  perfon  pull  this  rope  from  1  towards  2,  turning  his  back  to  the  ma- 
chine, and  pulling  the  rope  over  his  (houlder,  Fig.  6.  As  the  pulley  may  be  either  too 
high  or  too  low  to  permit  the  rope  to  be  horizontal,  the  perfon  who  pulh  it  fhould  be 
placed  ten  or  fifteen  feet  from  the  machine,  which  will  leflen  the  angular  direction  of  the 
cord,  and  the  inaccuracy  of  the  experiment.  Hang  weights  to  the  other  end  of  the  fcale- 
beam,  till  the  perfon  who  pulls  can  but  juft  walk  forward,  pulling  fairly  without  propping 
his  feet  againft  any  thing.  This  weight  will  eftimate  the  force  with  which  he  can  draw 
horizontally  by  a  rope  over  his  (houlder  *.  Let  a  child  who  tries  this  walk  on  the  board 
with  dry  Ihoes;  let  him  afterwards  chalk  his  llioes,  and  afterwards  try  it  with  his  flioes 
foaped;  he  will  find  that  he  can  pull  with  different  degrees  of  force  in  thefe  different 
circumftances  ;  but  when  he  tries  the  following,  let  his  (hots  be  always  dry,  that  his  force 
may  be  always  the  fame. 

Tojhftu  the  Power  of  the  three  different  Sorts  t>f  Levers. 

Experiment  2.  Inftead  of  putting  the  cord  that  comes  from  the  fcale-beam,  as  in  the  lafr. 

ruperiment,  over  the  moulder  of  the  boy,  hook  it  to  the  end  1   of  the   lever  L,  Fig.  2. 

This  lever  is  paffed  through  a  fockcr,  Fig.  3.  in  which  it  can  be  fliifted  from  one  of  its 

•  Wert  it  liiuuElit  netdf.ii  y  in  make  lliefe  experiments  pcrfeJUy  accurate,  1  frgtnenr  of  a  pulley,  ihe 
radius  of  which  is  half  tlie  length  of  the  f.ale-Iicam,  ihould  be  attached  to  the  end  of  lha  beam  ;  upon 
which  the  lord  may  apply  itfelf,  and  the  pulley  (P  3.)  fhoulii  be  railed  or  lowered,  to  bring  the  rope  ho- 
nionliilly  from  the  nnt*«  fliciildtr  when  in  the  attitude  of  drawing. 
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ends  towards  the  other  ;  and  can  be  fattened  at  any  place  by  the  fcrC \v  of  the  locket.  This 
focket  has  two  gudgeons,  upon  which  it,  and  the  lever  which  it  contains  can  turn.  This 
focket  and  ita  gudgeons  can  be  lifted  out  of  the  holes  in  which  it  plays,  between  the  rail 
R  R,  Plate  XIX.  Fig.  2.  and  may  be  put  into  other  holes  at  R  R,  Fig.  5.  Loop  another 
rope  to  the  other  end  of  this  lever,  and  let  the  boy  pull  as  before.  Perhaps  it  fhould  be 
pointed  out,  that  the  boy  mutt  walk  in  a  direction  contrary  to  that  in  which  he  walked 
before ;  viz.  from  1  towards  3.  The  height  to  which  the  weight  afcends,  and  the  dif- 
tance  to  which  the  boy  advances,  fhould  be  carefully  marked  and  meafured  ;  and  it  will  be 
found,  that  he  can  rails  the  weight  to  the  fame  height,  advancing  through  the  fame  fpace 
s  in  the  former  experiment.  In  this  cafe,  as  both  ends  of  the  lever  moved  through  equal 
fpaces,  the  lever  only  changed  the  direction  of  the  motion,  and  added  no  mechanical 
power  to  the  direct  ftrength  of  the  boy. 

Experiment  3.  Shift  the  lever  to  its  extremity  in  (he  jacket ;  the  middle  of  the  lever  will 
be  now  oppofite  to  the  pulley,  Fig.  4;  hook  to  it  the  rope  that  goes  through  the  pulley 
P  3,  and  fatten  to  the  other  end  of  the  lever  the  rope  by  which  the  boy  is  to  pull.  This 
will  be  a  lever  ofthefecond  Hud,  as  it  is  called  in  books  of  mechanics  j  in  ufing  which,  tie 
refijlance  is  placed  between  the  centre  of  motion  or  fulcrum,  and  the  moving  power.  He  will  now 
raife  double  the  weight  that  he  did  in  Experiment  II.  and  he  will  advance  through  double 
the  fpace. 

Experiment  4.  Shift  the  lever,  and  the  focket  which  forms  die  axis,  (without  fluffing 
the  lever  from  the  place  in  which  it  was  in  the  foeket  in  the  laft  experiment)  to  the  holes 
that  are  prepared  for  it  at  R  R,  Fig.  5.  The  free  end  of  the  lever  E  will  now  be  oppoGte 
tothetope,  and  to  the  pulley  (over  which  the  rope  comes  from  the  fcale-beam).  Hook 
this  rope  to  it,  and  hook  the  rope  by  which  the  boy  pulls  to  the  middle  of  the  lever.  The 
effect  will  now  be  different  from  what  it  was  in  the  two  laft  experiments;  the  boy  will 
advance  only  half  as  far,  and  will  raife  only  half  as  much  weight  as  before.  This  is  called 
a  lever  of  the  third  fort.  The  firft  and  fecond  kinds  of  levers  are  ufed  in  quarrying  ;  and 
the  operations  of  many  tools  may  be  referred  to  them.  The  third  kiud  of  lever  is  em- 
ployed but  fcldom,  but  its  properties  may  be  obferved  with  advantage  whillt  a  long  ladder 
is  raifed,  as  the  man  who  raifes  it  is  obliged  to  exert  an  increaftng  force  till  the  ladder  is 
nearly  perpendicular.  When  this  lever  is  ufed,  tt  is  obvious,  from  what  has  been  hud,  that 
the  power  mutt  always  pats  through  lefs  fpace  than  the  thing  which  is  to  be  moved  ;  it  can 
never,  therefore,  be  of  fervice  in  gaining  power.  But  the  object  of  fome  machines  is  to 
increafe  velocity,  inllead  of  obtaining  power,  as  in  a  Hedge-hammer  moved  by  mill-work. 
(V.  the  plates  in  Emerfon's  Mechanics,  No.  236.) 

The  experiments  upon  levers  may  be  varied  at  plcafure,  increaling  ot  diminishing 
the  mechanical  advantage,  fo  as  to  balance  the  power  and  the  rct'iftance,  to  accuftom 
the  learners  to  calcufo:c  [he  relation  between  the  power  and  the  effect  in  differ^u 
circumttances ;  always  pointing  out,    that  whatever  excefs  there  is  in  the  power*,    or 

*  The  word  pttaer  h  here  ufcJ  in  a  popwlai  fenfe,  to  denote  the  /trengtb  ot  efnacaey  that  i»  employed  to 
produce  an  tfftti  by  mians  of  any  engine. 
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in  (he  refiihnce,  is  always  compenfated  by  the  difference  of  fpace  through  which  the 
inferior  panes. 

The  experiments  which  we  have  mentioned  are  fufEciently  fatisfa&ory  to  a  pupil,  as 
to  the  immediate  relation  between  the  power  and  the  refinance  ;  but  the  different  fpaces, 
through  which  the  power  and  the  refiftance  move  when  one  exceeds  the  other,  cannot  be 
obvious,  unlefs  they  pafs  through  much  larger  fpaccs  than  levers  will  permit. 

Experiment  ;.  Place  the  fledge  on  the  fartheft  end  of  the  wooden  road,  Fig.  1. ;  fallen  a 
rope  to  the  Hedge,  and  conduct  it  through  the  lowed  pulley  P  4,  and  through  the  pulley 
P  3,  fo  as  that  the  boy  may  be  enabled  to  draw  it  by  the  rope  parted  over  hit  fhoulder.  The 
fledge  mult  now  be  loaded,  till  the  boy  can  but  juft  advance  with  (hort  fteps  fteadily  upon 
the  wooden  road;  this  muft  be  done  with  care,  as  there  will  be  but  juft  room  for  him 
befide  the  rope.  He  will  meet  the  (ledge  exactly  on  the  middle  of  the  road,  from  which 
he  muft  ftep  afide  to  pafs  the  fledge.  Let  the  time  of  this  experiment  be  noted.  It  is 
obvious  that  the  boy  and  the  fledge  move  with  equal  velocity,  there  is  therefore  no  mecha- 
nical advantage  obtained  by  the  pulleys.  The  weight  that  he  can  draw  will  be  about  half  a 
hundred,  if  he  weigh  about  9  ftone;  but  the  exact  force  with  which  the  boy  draws  is  to 
be  known  by  Experiment  t. 

The  Wheel  and  Axle; 
This  organ  is  ufually  called  in  mechanics.  The  axit  in peritnehio.     A  bard  name,  which 
might  well  be  fpared,  as  the  word  windlafs  or  capftan  would  convey  a  more  diilinct  idea 
to  our  pupils. 

Experiment  6.,  To  the  Iargeft  drum,  Fig.  1.  faften  a  cord,  and  pafs  it  through  the  pulley 
P  downwards,  and  then  through  the  pulley  P  4  to  the  (ledge  placed  at  the  end  of  the 
wooden  road,  which  is  fartheft  from  the  machine.  Let  the  boy,  by  a  rope  fattened  to  the 
extremity  of  one  of  the  arms  of  the  capftan,  and  palled  over  his  fhoulder,  draw  the  cap- 
ftan round ;  he  will  wind  the  rope  round  the  drum,  and  draw  the  fledge  upon  its  road.  To 
make  the  fledge  advance  twenty-four  feet  upon  its  road,  the  boy  muft  have  walked  circu- 
larly 144  feet,  which  is  fix  times  as  far,  and  he  will  be  able  to  draw  about  three  hundred 
weight,  which  is  fix  times  as  much  as  in  the  laft  experiment. 

It  may  now  be  pointed  out,  that  the  difference  of  fpace,  palled  through  by  the  power  In 
this  experiment,  is  exactly  equal  to  the  difference  of  weight,  which  the  boy  could  draw 
without  the  capftan. 

Experiment  7.  Let  the  rope  be  now  attached  to  the  fmaller  drum  ;  the  boy  will  draw 
nearly  twice  as  much  weight  upon  the  fledge  as  before,  and  will  go  through  double  the 
fpace. 

Experiment  ?.  Where  there  are  a  number  of  boys,  let  five  or  Gx  of  them,  whofe  power 
of  drawing  (eftimated  as  in  Experiment  I.)  amounts  to  fix  times  as  much  as  the  force  of 
the  boy  at  the  capftan,  pull  at  the  end  of  the  rope  which  mat  faftened  to  the  fledge  -,  they 
will  balance  the  force  of  the  boy  at  the  capftan  :  cither  they,  or  he,  by  a  fudden  pull  may 

advance> 
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advance,  but  if  tliey  pull  fairly,  there  will  be  no  advantage  on  either  part.  In  this  ex- 
periment the  rope  fhould  pafs  through  the  pulley  P  3,  and  fhould  be  coiled  round  the 
larger  drum.  And  it  mud  be  alio  obferved,  thai  in  all  experiments  upon  the  motion  of 
bodies,  in  which  there  is  much  friction,  a»  where  a  Hedge  is  employed,  the  rcfults  arc 
never  fo  uniform  as  in  other  circumftancea. 

The  Pulley. 

Upon  the  pulley  we  dial!  fay  little,  as  it  is  in  every  body's  hands,  and  experiments  may 
be  tried  upon  it  without  any  particular  apparatus.  It  fhould,  however,  be  diftinctly  in- 
culcated, that  the  power  is  not  increafed  by  a  6xcd  pulley.  For  ibis  purpofe,  a  wheel 
without  a  rim,  or,  to  fpeak  with  more  propriety,  a  number  of  fpokes  fixed  in  a  nave 
fhould  be  employed,  (Fig.  o.)  Pieces  like  the  heads  of  crutches  fhould  be  fixed  at  the  end* 
of  thefe  fpokes,  to  receive  a  piece  of  girth-web,  which  is  ufed  inftead  of  a  cord,  becaufe  a 
cord  would  be  unfteady ;  and  a  {trap  of  iron  with  a  hook  to  it  fhould  play  upon  the  center, 
by  which  it  may  at  times  be  fufpended,  and  from  which  at  other  times  a  weight  may  be 
hung. 

Experiment  q.  Let  this  fkeleton  of  a  pulley  be  hung  by  the  iron  (trap  from  the  tranfom 
of  the  frame ;  fallen  a  piece  of  web  to  one  of  the  radii,  and  another  to  the  end  of  the 
oppoflte  radius.  If  two  boys  of  equal  weight  pull  thefe  pieces  of  girth-web,  ihey  will 
balance  each  other ;  or  two  equal  weights  hung  to  thefe  webs  will  be  in  equilibiio.  If  a 
piece  of  girth-web  be  put  round  the  uppermoft  radius,  two  equal  weights  hung  at  the  ends 
of  it  will  remain  immoveable;  but  if  cither  of  them  be  pulled,  or  if  a  fmall  additional 
weight  be  added  to  either  of  them,  it  will  defcend,  and  the  web  will  apply  itfelf  fuccef- 
fively  to  the  afcending  radii,  and  will  detach  itfelf  from  thofe  that  are  defcending.  If  this 
movement  be  carefully  confidered,  it  will  be  perceived,  that  the  web  in  unfolding  itfelf, 
acts  in  the  fame  manner  upon  the  radii  as  two  ropes  would  if  they  hung  to  the  extremities 
of  the  oppofite  radii  in  fuccellion.  The  two  radii  which  are  oppofite,  may  be  confidered 
as  a  lever  of  the  fitft  fort;  where  the  center  is  in  the  middle  of  the  lever  j  as  each  end 
moves  through  an  equal  fpace,  there  is  no  mechanical  advantage.  But  if  this  ikelcton- 
pulley  be  employed  as  a  common  block  or  tackle,  its  motions  and  properties  wilt  be  entirely 
different. 

Experiment  to.  Fig.  9.  Nail  a  piece  of  girth-web  to  a  port,  at  the  diftance  of  three  or 
four  feet  from  the  ground ;  fallen  the  other  end  of  it  to  one  of  the  radii.  Fallen  another 
piece  of  web  to  the  oppofite  radius,  and  let  a  boy  hold  the  fkele ton- pulley  fufpended  by 
the  web  i  hook  weights  to  the  ftrap  that  hangs  from  the  center.  The  end  of  the  radius  to 
which  the  fixed  girth-web  is  fattened  will  remain  immoveable ;  but,  if  the  boy  pulls  the 
web  which  he  holds  in  his  hand  upwards,  he  will  B«  able  to  lift  nearly  double  the  weight, 
which  he  can  raife  from  the  ground  by  a  fimple  rope,  without  the  machine,  and  he  will 
perceive  that  his  hand  moves  through  twice  as  great  a  fpace  as  the  weight  afcends :  he  hat 
therefore  the  mechanical  advantage,  which  he  would  have  by  a  lever  of  the  fecond  fort,  as 
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in  experiment  III.  Let  a  piece  of  web  be  put  round  the  under  radii,  let  one  end  of  it  be 
nailed  to  the  poll,  and  the  other  be  held  by  the  boy,  and  it  will  reprefent  the  application 
of  a  rope  to  a  moveable  pulley  ;  if  its  motion  be  carefully  considered,  it  wilt  appear  that 
the  radii,  as  they  fuccefllvely  apply  themfelves  to  the  web,  reprefent  a  fcries  of  levers  of 
the  fecond  kind.  A  pulley  is  nothing  more  than  an  infinite  number  of  fuch  levers;  the 
cord  at  one  end  of  the  diameter  fcrving  as  a  fulcrum  for  the  organ  during  its  progrefa.  If 
thisjieletcn-pulley  be  uleH  horizontally  in  (lead  of  perpendicularly,  the  ci re um fiances  which 
have  been  mentioned  will  appear  more  obvious. 

Upon  the  wooden  r«ad  lay  down  a  piece  of  girth-web ;  nail  one  end  of  it  to  the  road ; 
place  the  pulley  upon  the  web  at  the  other  end  of  the  board,  and  bringing  the  web  over 
the  radit,  let  the  boy,  taking  hold  of  it,  draw  the  loaded  fledge  fattened  to  the  hook  at  the 
center  of  the  pulley  I  he  will  draw  nearly  twice  as  much  in  this  manner  as  he  could  with- 
out the  pulley". 

Here  the  web  lying  on  the  road  (hews  more  diftinctly,  that  it  is  quiefcent  where  the 
lowed  radius  touches  it ;  and  if  the  radii,  as  they  tread  upon  it,  are  obferred,  their  points 
will  appear  at  reft,  whilfl  the  center  of  the  pulley  will  go  as  faft  as  the  Hedge,  and  the  top 
of  each  radius  fucceflively  (and  the  boy's  hand  which  unfolds  the  web)  will  move  twice  as 
fall  as  the  center  of  the  pulley  and  the  fJedge. 

If  a  perfon,  holding  a  (lick  in  his  hand,  obferves  the  relative  motions  of  the  top,  and 
the  middle,  and  the  bottom  of  the  (lick,  whilll  he  inclines  it,  he  will  fee  that  the  bottom 
of  the  (lick  has  no  motion  on  the  ground,  and  that  the  middle  has  only  half  the  motion  of 
the  top.  This  property  of  the  pulley  has  been  dwelt  upon,  becaufc  it  elucidates  the  mo- 
tion of  a  wheel  rolling  upon  the  ground;  and  it  explains  a  common  paradox,  which  ap- 
pears at  firfl  inexplicable,  "  The  bottom  of  a  rolling  wheel  never  moves  open  the  road." 
This  is  aflcrtcd  only  of  a  wheel  moving  over  hard  ground,  which,  in  fact,  maybe  conli- 
dered  rather  as  laying  down  its  circumference  upon  the  road,  than  as  moving  upon  it. 

The  inclined  Plane  and  the  Wedge. 
The  inclined  plane  is  to  be  next  confidered.  When  a  heavy  body  is  to  be  railed,  it  is 
often  convenient  to  lay  a  Doping  artificial  road  of  planks,  up  which  it  may  be  puflied  or 
drawn.  This  mechanical  power,  however,  is  but  of  little  fervice  without  the  afliftance  of 
wheels  or  rollers :  we  (hall  therefore  fpeak  of  it  as  it  Is  applied  in  another  manner,  under 
the  name  of  the  ieedget  which  is  in  faei  a  moving  inclined  plane ;  but  if  it  is  required  to 
explain  the  properties  of  the  inclined  plane  by  the  Panorganon,  the  wooden  road  may  be 
railed  and  fet  to  any  inclination  that  is  required,  and  the  fledge  may  be  drawn  upon  it  as  in 
the  former  experiments. 


*  In  all  theft  expevime 
from  its  tlructmc,  which  h 
lion  without  afliBance. 


i  with  the  fltele  ton -pulley   fomebody  mud  keep   it  in  in  proper  direction  ;  as 
ontrived  for  iilufiratioo,  not  for  practical  ufe,  it  cannot  retain  its  proper  IJuia- 
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Let  one  cud  of  a  lever,  Fig.  7.  with  a  wheel  at  one  end  of  it,  be  hinged  to  tbc  poft  of 
the  frame,  by  means  of  a  gudgeon  driven  or  fcrewed  into  the  poft.  To  prevent  this  lever 
from  deviating  fideways,  let  a  flip  of  wood  be  connected  with  it  by  a  nail,  which  flisll  be 
faft  in  the  lever,  but  which  moves  freely  in  a  hole  in  the  r.iil.  The  other  end  of  this  flip 
muft  be  faftened  to  a  flake  driven  into  the  ground  at  three  or  four  feet  from  the  lever,  at 
one  fide  of  it,  and  towards  the  end  in  which  the  wheel  is  fixed.  Fig.  10.  which  is  a  vue 
d'oifiaui  in  the  fame  manner  as  the  treadJc  of  a  common  lathe  is  managed,  and  as  the 
treadle  of  a  loom  is  fometimes  guided  ". 

Experiment  it.  Under  the  wheel  of  this  lever  place  au  inclined  plane  or  half-wedge, 
Fig.  7.  on  the  wooden  road,  with  rollers  under  it,  to  prevent  friction  \  ;  fallen  a  rope  to 
the  foremoft  end  of  the  wedge,  and  pafs  it  through  the  pulleys  (P.  4.  and  P.  3.)  as  in  the 
fifth  experiment.  Let  a  boy  draw  the  Hedge  by  this  rope  over  his  fhouldcr,  and  he  will 
find)  that  as  it  advances  it  will  raife  the  weight  upwards;  the  wedge  is  five  feet  long,  and 
elevated  one  foot.  Now,  if  the  perpendicular  a  fee  11 1  of  the  weight,  and  the  fpace  through 
which  he  advances  be  compared,  he  will  find  that  the  fpace  through  which  he  has  paffed 
will  he  live  times  as  great  as  that  through  which  the  weight  has  afcended ;  and  that  this 
wedge  has  enabled  him  to  raife  Eve  times  as  much  as  he  could  raife  without  if,  if  his 
ftrength  were  applied,  as  in  Experiment  I,  without  any  mechanical  advantage.  By  making 
this  wedge  in  two  parts  hinged  together,  with  a  graduated  piece  to  keep  them  afunder,  the 
wedge  may  be  adjufted  to  any  given  obliquity  ;  and  it  will  be  always  found,  that  the  me- 
chanical advantage  of  the  wedge  may  be  afecrtained  by  comparing  its  perpendicular  eleva- 
tion with  its  bafe.  If  the  bafe  of  the  wedge  is  2,  3,  4,  5,  or  any  other  number  of  times 
greater  than  its  height,  it  will  enable  the  boy  to  raife  respectively  2,  3,  4,  or  5  times 
more  weight  than  he  could  do  in  Experiment  I,  by  which  his  power  is  eftimated. 

The  Screw. 
Theferetv  is  an  inclined  plane  wound  round  a  cylinder ;  the  height  of  all  its  revolutions 
round  the  cylinder  taken  together,  compared  with  the  fpace,  through  which  the  power 
that  turns  it  pafles,  is  the  meafure  of  its  mechanical  advantage  \.  Let  the  lever,  ufed  in  the 
laft  experiment,  be  turned  in  fuch  a  manner  as  to  reach  from  its  gudgeon  to  the  fhaft  of 
the  Panorganon,  guided  by  an  attendant  lever  as  before,  Fig.  8.     Let  the  wheel  reft  upon 


•  In  a  loom  this  fecoml.uy  lever  is  cjlled  a  tar.b,  by  miftake,  (or  lam;  from  lamina,  a  Hip  of  wood. 

t  There  Ihould  be  three  roller)  ufed  j  one  of  them  muft  be  plictd  before  the  fledge,  umtrr  which  it 
vill  eafily  find  lis  place,  if  ihe  bottom  of  die  (ledge  uear  the  foremoft  end  11  a  little  Doped  upward t.  To 
is  foremoft  roller  in  its  place  till  the  (ledge  meets  it,  it  Ihould  be  ftuck  (lightly  on  the  n»d  with 
two  fmall  bits  of  wax  or  pitch. 

I  M*ebani:al  advantage  is  not  a  proper  term,  but  our  language  i«  deficient  in  proper  technical  in  Ut, 
The  word  ft <wer  11  ufed  fo  indifciiminatdy,  that  it  is  fcarcely  pofliblc  to  convey  our  meaning,  without 
employing  it  more  ftriflly. 
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the  lowefl  helix  or  thread  of  the  fcrew  ;  as  the  arms  of  the  flnft  are  turned  i 
wheel  will  afcend,  and  carry  up  the  weight  which  is  fattened  to  the  lever  •«  As  the  Gre- 
at ton  of  the  fcrew  prevents  the  weight  from  being  fufpended  exactly  from  the  center  of 
the  fcrew,  proper  allowance  muft  be  made  for  this  in  cflimating  the  force  of  the  fcrew,  or 
determining  the  mechanical  advantage  gained  by  the  lever :  this  can  be  done  by  meafuring 
the  perpendicular  afcent  of  the  weight,  which  in  all  cafes  is  better,  and  more  expeditious, 
than  meafuring  the  parts  of  a  machine,  and  eftimating  its  force  by  calculation;  becaufe 
die  different  diameters  of  Topes,  and  other  fmall  rircumftances,  are  frequently  miftaken  in 
eftimates. 

The  fpace  paffcd  through  by  the  moving  power,  and  by  that  which  it  moves,  are  infal- 
lible data  for  eftimating  the  powers  of  engines.  Two  material  fubjects  of  experiments  yet 
remain  for  the  Panorganon  ;  friction,  arid  wheels  of  carriages.  We  repeat,  that  it  is  not 
intended  in  this,  or  in  any  other  part  of  our  defign,  to  write  treatifes  upon  feience ;  but 
merely  to  point  out  methods  of  initiating  young  people  in  the  rudiments  of  knowledge, 
and  of  giving  them  a  clear  and  diftinft  view  of  thofe  principles  upon  which  they  are 
founded.  No  preceptor,  who  has  had  experience,  wil!  cavil  at  the  fuperfkial  know- 
ledge of  a  boy  of  twelve  or  thirteen  upon  thefc  fubjects;  he  will  perceive,  that  the  genm! 
view,  which  we  wifli  to  give  out  pupils  of  the  ufeful  arts  and  fciences,  muft  certainty  tend 
to  form  a  talte  for  literature  and  Inveftigation.  The  fihljft  has  learned  only  to  talk — we 
with  to  teach  our  pupils  to  think,  upon  the  various  objects  of  human  fpeculation. 

The  Panorganon  may  be  employed  in  trying  the  refiftance  of  air  and  water;  the  force 
of  different  mufclesj  and  in  a  great  variety  or  atnufing  and  ufeful  experiments.  In  aca- 
demies, and  private  families,  it  may  be  erected  in  the  place  allotted  for  amufement,  where 
it  will  furnifh  entertainment  for  many  a  vacant  hour.  When  it  has  loft  its  novelty,  the 
{haft  may  from  time  to  time  be  taken  down,  and  a  fwing  may  be  fufpended  in  its  place.  It 
may  be  conftructed  at  the  expence  of  five  or  fix  pounds:  that  which  ftands  before  our 
window  was  made  for  lefs  than  three  guineas,  as  we  had  many  of  the  materials  betide  us 
for  other  purpofes. 


»  In  this  experiment,  ih*  boy  ftieulrl  pull  at  near  a 
dance,  elfc  he  will  hare  fiith  mechanical  advantage  ai  c 
machine  would  be  flrong  enough  10  bear. 


e  to  the    lb  a  ft,  within  a  foot  of  it,  foi  in- 
tounterbal anted  by  any  weight  which  the 
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Experiments  and  Obfervalions  on  the  Light  which  is  fpontamoufly  emitted,  with  fame 
Dtgree  of  Permanency,  from  various  Bodies.  By  Nathanibi  Hulme,  M.  D. 
F,  R.  S.  and  A.  S. 

(Concluded  from  page  427.^ 

SECTION  IV. 

Other  Bodies  or  Sub/lances   have  a  Power  of  prtfervtng  fpontanews   Light  fir  fimt   71me, 
tuba  it  is  applied  to  them. 

EXPERIMENTS. 

.ErfXPER.  i.  Some  luminous  matter  (craped  from  the  herring,  was  mixed  with  a  folution 
of  two  drams  of  Epfom  fait  in  two  ounces  of  cold  pump  water:  after  fluking  very  well  for 
fome  time  the  phial  which  contained  them,  the  whole  liquid  became  richly  impregnated  with 
light,  and  continued  Ihining  above  twenty-four  hours.  This  experiment  "was  frequently 
repeated,  and  with  the  fame  effect. 

Exper.  %.  Two  drams  of  Glauber's  fait  and  two  ounces  of  water  being  mixed  with 
herring  light,  the  folution  was  thereby  quickly  made  very  lucent,  and  remained  fo  until 
the  fucceeding  evening. 

Exper.  3.  Mackerel-light,  being  mixed  with  two  drams  of  Rochelle  fait  or  urtarized 
natron  and  two 'ounces  of  water,  caufed  the  fluid  to  be  very  luminous. 

Exper.  4.  Two  drams  of  foda  phofphorata  and  two  ounces  of  water,  mixed  with  herring- 
light,  formed  a  very  lucent  fluid,  which  retained  the  light  for  a  long  time. 

Exper.  5.  Herring-light,  with  one  dram  of  faltpetre  or  nitrated  kali  and  two  ounces 
of  water,  made  the  folution  pretty  luminous. 

Exper.  it.  Half  a  dram  of  common  fait  diflblved  in  two  ounces  of  water,  with  the 
addition  of  mackerel-light,  compofed  a  very  mining  mixture,  which  retained  its  fplendour 
for  the  fpace  of  a  day  or  two.     The  fame  effect  was  produced  by  herring- light. 

Exper.  7.  Two  ounces  of  fea  water,  being  agitated  with  the  light  of  a  mackerel,  foon 
obtained  a  brilliant  illumination.  The  fea  water  preferred  its  luminoufnefs  for  feveral 
days.     The  experiment  was  fuccefsfully  repeated. 

Exper.  8.  Two  drams  of  pure  honey,  that  had  not  been  clarified,  or  cxpofed  to  lieiit, 
were  diflblved  in  two  ounces  of  water  ;  and,  after  the  admifhon  of  fome  mackerel-light, 
and  making  the  phial,  the  folution  was  fully  impregnated  with  light,  which  was  vifiblc 
the  next  evening. 

3  M  2  Exper. 
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Exper.  9.  Two  drams  of  purified  or  refined  fugar  being  diflblved  in  two  o 
and  mixed  with  the  Alining  matter  of  a  herring,  the  fluid  acquired  a  great  degree  of 
iucidnefs.  The  fame  effect  took  place  when  the  experiment  was  made  with  foft  brown 
fugar. 

N.  B.  It  is  almoft  needlefs  to  mention,  that  the  degree  of  illumination  in  thefe  liquids 
mufl  depend  upon  the  quantity  of  luciSc  matter  applied  -,  but,  in  general,  as  much  as  can 
be  fcraped  off  by  the  blunt  point  of  a  moderately-fized  knife,  at  a  few  times,  will  be 
fuflicient,  being  a  flitted  by  a  ftrong  agitation  of  the  containing  phial. 

OBSERVATION. 

Thefe  experiments  enable  us  10  take  light  and  diffufe  it  through  water,  fo  as  to  render 
the  whole  liquid  mod  brilliantly  luminous,  or,  in  other  words,  to  impregnate  water  with 
light.  By  thefe  means,  the  light  is  fo  extended  in  its  furface,  and  combined  in  fuch 
a  manner,  as  10  become  exceedingly  convenient  and  ufeful  for  various  other  ex- 
periments. 

SECTION  V. 


When  Jpontannui  Light  it  txtingui/ltd  bj  faint  Bodies  or  Subflancttt  it  it  not  loft,  but  may 
he  again  revived  in  its  former  Sp/endour,  and  that  b^the  moji  fimple  Altani. 

EXPERIMENTS. 

Exper.  fa  On  the  iff  of  June,  1795.  the  following  experiments  were  made,  to  know 
what  was  the  heft  proportion  of  Epfom  fait  to  water,  in  order  to  produce  the  moft 
luminous  liquid.  Some  fhining  matter  was  taken  from  a  mackerel,  and  mixed  with  3 
folution  of  feven  drams  of  the  fait  in  one  ounce  of  water;  and  its  light  was  immediately 
extinguished-  The  fame  effect  enfued,  but  in  a  lefs  degree,  with  a  folution  of  fix,  and 
one  of  five  drams.  In  a  folution  of  two  drams,  in  the  fame  quantity  of  water,  the  liquid 
was  luminous-,  but  much  more  fo  when  only  one  dram  of  fait  was  ufed.  Obferving  the 
extinction  of  light  to  take  place,  as  above,  in  the  more  faturated  folutions,  while  the 
diluted  folutions  were  luminous,  it  occurred  to  me  to  endeavour  to  difcover  what  became 
of  the  extinguiflied  light,  in  the  former  cafe,  and  whether  it  might  not  be  revived  by 
dilution.  For  this  purpofe,  I  took  the  folution  of  feven  drams  of  fait  in  one  ounce  of 
water,  in  which  the  lucid  matter  from  a  mackerel  had  been  extinguiflied,  and  diluted  it 
with  fix  ounces  of  cold  pump  water;  when,  to  my  great  aftonifliment,  light  in  a  moment 
burit  out  of  darknefs,  and  the  whole  liquid  became  beautifully  luminous  I  This  revived 
light  remained  above  48  hours,  lhat  is,  as  long  as  other  light  in  general  docs,  which  has 
never  been  extinguiflied.  Hence,  it  had  loft  nothing  of  its  vivid  luminous  powers  by  its 
extinction. 
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Exper.  2.  The  laft  experiment  was  then  rcverfed.  A  folution  of  one  dram  of  Epfom 
fait  in  one  ounce  of  water,  was  brilliantly  illuminated  with  mackerel  light.  Then,  fix 
drams  of  the  fait  were  put  into  this  luminous  liquid  ;  and,  after  (baking  the  phial  very  well 
for  a  little  time,  to  promote  the  folution  of  the  fait,  the  light  was  totally  extinguiQied. 
But  the  fame  light  was  again  recovered,  by  the  addition  of  fix  ounces  of  water. 

In  this  manner  the  light  may  be  frequently  extinguiftied,  and  as  often  revived.  In  one 
inftance,  the  fame  light,  by  a  repetition  of  this  method,  was  made  to  undergo  ten 
extinctions. 

Exptr.  3.  A  good  quantity  of  herring-light,  being  mixed  with  a  folution  of  four  drams 
of  common  fait  in  two  ounces  of  water,  was  immediately  exttnguifhed.  Then,  fourteen 
ounces  of  cold  pump  water  were  added  thereto,  and  the  whole  liquid  was  at  once 
finely  illuminated.  On  the  next  evening  it  appeared  ftill  very  lucid ;  and  likewife  on  the 
fucceeding  night. 

Exper.  4.  The  experiment  was  reverfed.  Half  a  dram  of  the  fait,  being  dilTolved  in  two 
ounces  of  water,  had  herring-light  mixed  therewith,  fo  as  to  be  made  veTf  luminous. 
On  the  addition  of  two  drams  more  of  the  fait,  the  lucidnefs  wrs  inftantly  deftroyed  :  but 
the  light  was  again  recovered,  by  pouring  eight  ounces  of  cold  water  upon  the  exlinguifhcd 
luminous  fluid.     The  revived  light  was  very  vivid  the  next  evening. 

Exptr.  5.  Two  ounces  of  fea  water  were  illuminated  with  mackerel- light,  and  then  ex- 
tinguiftied by  adding  two  drams  of  common  fait.  The  light  was  again  reftored,  by  diluting 
the  folution  with  eight  ounces  of  cold  fprhig  water. 

N.  B.  If  the  illuminated  liquid  be  uncommonly  brilliant,  it  may  fomet  lines  require 
more  fait  to  extinguifh  the  light  completely,  than  is  here  fpecified  -,  in  that  cafe,  the 
meafure  of  water  for  dilution,  mufl  be  always  calculated  in  cxaft  proportion  to  the  weight 
of  fait  employed. 
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Spontaneous  Light  it  rendered  more  t 
EXPERIMENTS. 


id  by  Mtt. 


Exper.  1.  A  quantity  of  illuminated  liquid  was  poured  into  a  broad  veflel,  which  was 
placed  in  the  laboratory.  The  next  evening,  on  examination,  it  appeared  to  be  quite 
dark.     But  a  finger,  or  rod,  being  drawn  through  it,  was  followed  by  a  luminous  line. 

Exprr.  2.  A  phial,  containing  a  pretty  large  portion  of  liquid  impregnated  with  light, 
having  Wen  at  reft  a  number  of  hours,  the  liquid  fecmed  to  have  loft  its  luminous  quality, 
except  a  little  glimmer  floating  at  the  top.  It  was  then  gently  moved,  and  the  light 
di&ufed  itfclf  gradually  through  the  whole  liquid:  on  agitation,  the  lucidnefs  was  muck 
increafed  ;  and,  the  brilkcr  the  motion,  the  more  vivid  was  the  illumination. 

SECTION 
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SECTION    VII. 


Spontaneous  Light  it  not  accompax 


cd  with  any  Degrt 
Thermometer. 


of  fenfble  Heat,  to  be  difcovertA  by  a 


EXPERIMENTS. 

Exper.  i.  A  luminous  herring,  and  another  that  was  quite  frefh  and  not  luminous, 
were  placed  for  a  confiderable  time  in  the  fame  degree  of  temperature.  A  thermometer 
was  then  applied  to  each  of  them,  tut  no  difference  of  heat  could  be  difcovered. 

Exper.  2.  The  foft  roe  of  a  herring,  in  an  exceedingly  lucid  ftate,  and  a  thermometer, 
were  kept  together  for  fome  time  in  the  laboratory.  The  roe  was  then  put  upon  the  bulb 
of  the  thermometer,  without  affecting  it. 

Exper.  3.  A  mackerel,  which  (hone  with  very  brilliant  light,  was  alfo  put  to  the  ted  of 
a  thermometer,  but  the  inftrument  remained  ftationary. 

Exper.  4.  The  bulb  of  a  thermometer  was  furrounded  by  many  fmall  pieces  of  mining 
wood,  uncommonly  luminous,  which  were  kept  in  that  fituation  for  fome  time ;  but 
the  light  made  no  alteration  upon  the  thermometer. 

Exper.  j.  Illuminated  liquids,  and  fpring  water,  being  kept  together  in  the  laboratory, 
always  preferved  die  fame  degree  of  temperature. 

SECTION   vm. 

The  Effetls  of  Cold  on  fpontaneout  Light. 
EXPERIMENTS. 
The  Light  of  Fifhes. 
Exper.  1.  Five  fmall  gallipots,  containing  three  pieces  of  foft-roc  of  herring,  and  two  of 
the  herring  itfelf,  all  very  luminous,  were  placed  in  a  frigorific  mixture,  compofed  of  fnow 
and  fea-falt ;  and,  in  about  an  hour  and  a  half,  the  light  was  quite  extinct,  and  the  bodies 
totally  frozen.  The  gallipots  were  then  removed  into  a  veflel  of  cold  water,  that  their 
contents  might  be  gradually* thawed  ;  which  being  done,  they  all  recovered  their  prifline 
luminous  ftate.  The  piece*  were  afterwards  obferved  10  fliine  during  three  fucceeding 
nights- 

Exper.  2.  A  fmall  phial,  containing  three  or  four  drams  of  liquid  impregnated  with 
light,  was  placed  in  a  frigorific  mixture.  As  the  liquid  froze,  its  lucidnefs  gradually 
diminifhed;  and,  when  it  wag  quite  congealed,  the  light  perfectly  difappeared.  The 
phial  was  then  taken  out,  and  put  into  cold  water,  at  about  40°  temperature,  that  the  ice 
might  be  gradually  liquefied!  *nd,  when  that  was  accompli  (lied,  the  whole  fluid  became 
as  luminous  as  before. 
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The  Light  of  Jhining  Wood. 

Exper.  3.  A  fragment  of  mining  wood  was  put  into  a  fmall  wide -mouthed  phial,  which 
was  plunged  into  a  fiigorific  mixture.  As  the  cold  affected  the  wood,  the  light  gradually 
faded,  and  at  lad  was  totally  imperceptible.  The  phial  was  then  taken  out,  and  placed  in 
water  at  about  6z" ;  by  this  change  of  temperature,  the  frozen  wood  gradually  thawed, 
and  then  regained  its  former  lullre. 

The  Light  of  Glowworms. 
Exper.  4.  A  fmall  phial,  containing  a  luminous  dead  glow-worm,  was  expofed  to  the 
cold  of  the  frigorific  mixture ;  as  the  coldnefs  penetrated  the  phial,  the  light  diminilhed, 
and  at  length  was  totally  extinct.  But,  by  placing  the  phial  in  water  at  about  6a°,  the 
glowing  property  of  the  infect  foon  returned.  In  this  experiment,  the  glow-worm  was 
evidently  congealed  1  for  it  adhered  to  the  fide  of  the  glafa,  and  was  covered  with  a  hoar- 
froft.     This  experiment  was  frequently  repeated,  and  with  the  fame  refult. 

OBSERVATION. 

By  thefe  experiments  we  learn,  that  cold  extinguishes  fpontaneous  light  in  a  temporary 
manner,  but  not  durably,  as  the  fubftances  of  the  third  fedVion  do;  becaufe  the  light 
revived  again  in  its  full  fplendour,  as  foon  as  it  was  expofed  to  a  moderate  degree  of 
temperature. 

SECTION    IX. 

The   Effect  of  Heat   on  fpomannus    Light. 

EXPERIMENTS. 

The    Light   of   Fiflus. 

Exper.  1.  One  fide  of  a  luminous  herring  was  held  before  the  fire,  for  a  (hort  fpace  of 

time,  but  fo  as  to  receive  its  heat  very  ftrongly.     It  was  then  conveyed  into  the  laboratory  j 

when  that  fide  which  had  been  expofed  to  the  fire  was  found  quite  dark,  but  the  other 

continued  ftill  luminous.     The   fifh  was  preferved  till  the  next  evening,  but   the  cx- 

tinguifhed  light  did  not  re-appear. 

Exper,  2.  A  whole  herring,  finely  (Inning,  was  thrown  into  a  quantity  of  boiling-hot 
water,  and  the  light  was  immediately  extinguifhed  :  after  keeping  it  there  for  fomc  time, 
it  was  taken  out,  but  the  light  did  not  revive. 
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tie   Light   bJ  Jkining    Wmd. 

Exper.  3.  A  piece  of  firming  wood,  iis  light  being  very  faint,  was  put  into  tepid  water 
at  about  90  degrees  of  temperature,  and  it  became  in  a  fhort  time  much  more  lucid- 
Another  piece,  at  96°,  was  rendered  beautifully  luminous. 

Exper.  4.  A  pretty  thick  piece  of  fhining  wood  was  put  into  a  gallipot,  and  funk  under 
water  by  means  of  a  weight,  together  with  a  thermometer,  at  the  temperature  of  640. 
Boiling-hot' water  was  then  added  byfpoonfuls;  and  the  light,  at  firft,  was  rendered  much 
more  vivid,  but  foon  after  began  to  decrcafe,  and  was  apparently  extinct  at  about  no0. 
I  fay  apparently,  becaufe  on  the  next  evening  the  light  had  fomewhat  revived  ;  which 
iliows,  that  the  heat  of  i  io°  was  not  fufficient  to  extinguish  totally  all  the  light  inherent 
in  this  piece  of  wood. 

Exper.  5.  Finding  that  110  degrees  of  heat  did  not  wholly  extinguifh  the  light  of  mining 
wood,  a  good  many  fragments,  of  different  fizes,  were  then  fubmitted  to  the  power  of 
boiling  water,  and  detained  therein  for  fome  time,  in  order  that  the  heat  might  penetrate 
them  thoroughly.  The  effect  was,  that  the  light  became  quickly  extinct,  and  did  not,  as 
before,  re-appear  on  the  following  evening. 


77jf  Light  of  Glsw-ivcrmi, 

Exper.  6.  A  dead  fhining  glow-worm  was  put  upon  two  ounces  of  water,  contained  in 
a  wide-mouthed  phial)  at  the  temperature  of  ;8'J.  The  phial  was  then  funk,  about  two 
or  three  inches  deep,  in  boiling-hot  water;  and,  as  the  heat  communicated  itfelf  to  the 
contents  of  the  phial,  the  light  of  the  glow-worm  became  much  more  vivid. 

Exper.  7.  Another  lucid  dead  glow-worm  was  put  into  warm  water,  at  1140,  to  fee 
if  that  degree  of  heat  would  extinguifli  the  light;  but,  on  the  contrary,  its  glowing 
property  was  augmented.  All  the  water  was  then  poured  off,  yet  the  infect  continued  to 
fhine  for  fome  leugtb  of  time. 

Exper.  8.  The  effect  of  that  heat  which  is  obtained  from  dry  folid  bodies  by  friction, 
was  next  tried  upon  the  light  of  the  glow-worm.  Two  living  glow-worma  were  put  into 
a  one-ounce  phial,  with  a  glafs  ftopple;  and,  though  they  were  perfectly  dark  at  tke  time, 
yet,  if  the  phial  was  briikly  rubbed  with  a  lilken  or  linen  handkerchief,  till  it  became 
pretty  warm,  it  feldorn  failed  to  make  thera  difplay  their  light  very  6nely.  This  ex- 
periment was  very  frequently  repeated.  It  had  the  fame  illuminating  effect  upon  the  lij»hr. 
of  a  dead  glow-worm. 

Exper.  9.  The  complete  influence  of  212  degrees  of  heat  was  now  applied  to  the  light 
of  a  glow-worm,  by  pouring  upon  one  when  dead,  but  in  a  luminous  ftate,  fome  boiling 
water.  Its  light  was  iuttaiitly  extinguifhed  thereby,  and  did  not  revive.  The  ex- 
periment was  repeated,  and  with  the  fame  refult- 
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Any  of  the  foline  Solution!  mentioned  in  the  fourth  Section,  being  impregnated  •with  luminous 

Matter,  and  left  fame    Time  at    re/?,    art  rendered  more   lucid  by  a  moderate    Degree 

of  Heat. 

Exper.  10.  A  quantity  of  illuminated  folutioti  was  depofited  in  the  laboratory.  The 
next  evening,  when  it  was  examined,  it  appeared  in"  a  manner  quite  dark ;  but,  by  putting 
the  phial  which  contained  it  into  hot  water,  the  light  revived,  and  was  foon  rendered  ex- 
ceedingly vivid. 

Exper.  it.  About  a  pint  of  folution  impregnated  with  light,  had  become  obfeure,  by 
time  and  reft,  as  is  the  nature  of  tins  mixtute.  Such  a  quantity  of  boiling-hot  water  was 
then  added  to  it,  as  only  to  give  it  a  fmall  degree  of  warmth,  and  it  quickly  caufed  it  to 
appear  luminous. 

Exper.  iz.  Illuminated  liquid,  to  the  quantity  of  four  ounces,  was  placed  in  the 
laboratory  until  the  next  evening,  when  it  had  become  almoft  dark.  One  fpoonful  of 
boiling-hot  water  being  put  into  it,  the  light  reappeared;  and,  by  means  of  two  more,  it 
was  rendered  confulerably  lucid. 

Their  Light  is  txtinguijbed  by  a  great  Degree  of  Heat.    . 

Exper.  13.  Some  boiling  water  being  poured  upon  three  or  four  ounces  of  illuminated 
liquid,  in  an  earthen  veflel,  the  light  was  immediately  cxtinguithed ;  and,  though  after- 
wards kept  a  considerable  time  for  tnfpeftion,  and  often  agitated,  to  Itir  up  the  hidden 
light,  yet  no  remains  of  any  fhining  property  could  be  perceived.  This  experiment  was 
frequently  repeated,  and  always  with  the  fame  rel'ult. 

Exper.  14.  Four  ounces  of  very  luminous  liquid,  together  with  a  thermometer,  were 
put  into  a  fmall  earthen  veflel,  glazed  white,  the  better  to  reflect  light.  Boiling-hot  water 
was  then  added,  by  fpoonfuls  at  a  time,  and  by  flow  degrees.  The  firft  few  fpoonfuta 
made  it  confideiably  more  lucid  ;  and  then,  by  adding  mote,  the  light  began  to  fade,  and 
at  length  was  gradually  extinguifhed.  This  eftect  took  place,  in  one  inftance,  when  the 
liquid  was  heated  to  96";  in  another,  to  980;  and  in  a  third,  to  1000.  Hence,  this 
fpecies  of  light,  when  thus  united  with  water,  feems  to  be  extinguifhed  at  from  96  to  100 
degrees  of  heat.  This  is  a  very  elegant  and  pleating  method,  of  knowing  how  much  heat 
is  required  to  extinguifli  the  light ;  becaufe  it  meafures  it  exactly,  provided  the  hot  water 
be  added  in  fmall  quantities,  and  by  flow  degrees,  as  above  directed.  To  prevent  the 
pollibility  of  any  light  reviving  after  an  experiment  of  this  kind,  would  require  a  much 
greater  heat  than  that  of  100°.  The  intention  of  the  prefent  experiment  was  only  to 
(how,  that  all  light  may  be  apparently  extinguifhed,  at  fo  low  a  degree  of  temperature  as 
from  q6°  to  loo". 

Exper.  15.  A  phial  of  an  ounce  and  a  half  was  filled  with  fome  very  luminous  liquid, 
but   not  corked.     It  was  then  fufpended  by  a  firing,  in  a  quart  of  boiling-hot  water 
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contained  in  a  white  earthen  mug,  and  the  light  was  wholly  extinguifhed  in  a 
or  four  minutes.  After  this,  the  phial  was  Jtept  in  the  water  fomc  time  longer,  was  then 
taken  out  to  cool,  and  well  (taken,  bat  th«  light  did  not  revive.  It  was  examined  the 
next  day,  and  agitated  again,  but  no  luminous  appearance  could  be  difcovered ;  a  proof 
that  all  the  light  tad  been  totally  cxtinguiftied  by  the  power  of  heat. 

If  much  Halt  be  applied  to  tbt  Bottom  of  a  Tube  filed  With  illuminated  Liquid,  which  h/U  been 

fame  Time  at  rej,  the  Light  vtitl  defend  in  luminous  Stream,  from  the  Top  of  tht  Tube  to  the 

Bottom,  and  he  gradually  cxtinguifixd. 

Expa;  i<5.  A  glafs  cylindrical  tube,  clofed  at  one  end,  being  y  inches  long,  with  a  bore 
of  iT5  inch,  when  ufed,  was  put  into  a  gallipot  3!  inches  deep,  and  3-$  wide,  which 
held  about  12  ounces  of  boiling  water,  and  was  placed  in  another  larger  veflel,  to  receive 
the  overflowing  water  upon  the  immerfion  of  the  tube.  The  tube  being  filled  over  night 
with  fome  very  luminous  liquid,  was  placed  in  the  laboratory  until  the  next  evening. 
The  light  had  then  afcended  plentifully  to  the  top  of  the  fluid,  (the  reft  being  dark,)  and, 
talcing  the  circular  Ihape  of  the  tube,  formed  a  very  lucid  ring.  The  veflels  with  the  boil- 
ing-hot water  were  then  carried  Into  the  dark  laboratory;  and  the  tube  being  gently  and 
carefully  placed  (without  (baking)  in  the  gallipot,  the  light  was,  generally  in  about  half  a 
minute,  fecn  plainly  to  defcend  in  (Ireams  from  the  top  to  the  bottom;  illuminating  the 
whole  fluid  in  its  defcent  in  a  beautiful  manner,  and  then  was  gradually  extlnguiflied. 
The  extinction  of  the  light  began  at  the  top  of  the  tube,  and  ended  at  tlic  bottom. 

£#per.  17.  The  experiment  was  alft>  made  with  a  tube  iy  inches  high,  J  an  inch  in 
bore,  having  feveral  curvatures,  and  fcaled  hermetically  at  its  lower  end.  Both  ex- 
tremities were  made  (traight  for  a  few  inches ;  the  one  to  be  immerfed  in  the  water, 
and  the  other  to  prevent  the  liquid  running  out.  The  luminous  ring  being  formed  a* 
above  mentioned,  the  tube  was  put  into  the  gallipot  of  boiling-hot  water;  and,  in  afliort 
time,  the  light  began  to  defcend  from  the  top,  and  came  waving  down,  in  a  pleafing  man- 
ner, to  the  bottom  of  the  tube  in  the  hot  water,  and  then  was  by  degrees  extinguilhed. 
The  whole  length  of  the  tube,  including  the  curvatures,  was  26  inches. 

The  molt  eligible  folutions  for  this  curious  experiment,  aie  thofe  made  with  Epfom 
fait,  Glauber's  fait,  fea-falt,  and  fal  ammoniac  :  if  either  of  the  two  former  be  ufed,  the 
proper  proportion  is,  one  dram  of  f.dt  to  each  ounce  of  water ;  if  either  of  the  two  latter, 
15  grains  to  each  ounce  of  water  will  be  fuflicient. 

K.  B.  The  experimentalift,  before  he  views  the  defcent  of  the  light  in  the  tube,  Ihould 
always  remain  in  the  dark  for  fome  little  time,  in  order  to  get  rid  of  all  extraneous  light 
adhering  to  the  organs  of  vifion,  and  to  accommodate  the  eye  to  darknefs. 
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Tbt  EffeEls  of  tk,  human  J 


,  and  of  the 


ml  Fluids,  upon  fpontantous  Light. 


The   living   Body, 

Exper.  i.  On  touching  the  luminous  matter  of  tidies,  the  light  adhered  to  the  finger* 
and  different  pans  of  the  hands  ;  remained  very  lucid  fur  fome  little  time,  and  then  gradually 
disappeared.  But  the  fame  kind  of  matter  hcing  applied  to  pieces  of  wood,  (tone,  and 
the  like,  of  the  fame  temperature  as  the  laboratory,  continued  luminous  on  thefe  fubftauces 
for  many  hours. 

Exper.  2 .  A  piece  of  red  blotting-paper,  about  one  inch  fquarc,  and  four  times  doubled, 
was  finely  illuminated  by  matter  from  a  herring,  and  applied  to  the  upper  part  of  the 
infide  of  the  thigh.  After  the  expiration  of  i  j  or  20  minutes,  it  was  taken  off;  and,  on 
examination,  the  light  was  quite  extinguiihed.  The  experiment  was  repeated  feveral 
times,  and  with  the  fame  effect.  Another  piece  of  the  like  paper  was  illuminated  at  the 
fame  time,  and  placed  in  the  laboratory  ;  where  it  retained  its  light  above  48  hours. 

Exper.  3.  A  piece  of  Aiming  wood  was  placed  upon  the  palm  of  the  hand,  and  in- 
clofed  therein  for  fomc  time  ;  on  infpection,  it  was  found  to  be  more  lucid  than  before. 
Many  trials  of  this  kind  were  made,  with  the  like  fuccefs. 

Exper.  4.  A  dead  glow-worm,  being  but  (lightly  luminous,  was  breathed  upon  feveral 
times;  and  its  light  increafed  both  in  magnitude  and  brightnefs.  The  experiment  was 
frequently  repeated,  with  the  fame  refult. 

Animal  Fluids. 

Blood. 

Exper.  5.  A  perfon  having  received  a  contufion,  but  other  wife  in  health,  was  bled. 
The  next  day,  fome  herring-light  was  mixed  with  about  two  ounces  of  the  craffamentum 
or  red  coagulated  part  of  the  blood,  by  ftirring  them  well  together  with  a  knife  :  it  caufed 
it  to  be  (tightly  luminous,  but  the  light  was  not  of  long  duration.  Nearly  the  fame  refult 
followed  the  mixture  of  lucid  matter  with  the  recent  crauamentum  of  perfons  labouring 
under  inBammatory  difeafes,  as  the  pleurify  and  rheumatism. 

Exper.  6.  But,  when  mixed  with  craflamentum  that  had  been  kept  for  fome  time,  and 
become  black  and  fomewhat  offenfive  to  the  fmell,  the  light  feemed  to  be  more  quickly 
extinguiihed. 

Exper.  7.  A  Angular  phenomenon  happened  feveral  times,  on  mixing  fifh-light  with 
putrefcent  bloody  ferum.  It  would  not  incorporate}  but  was  ejected  in  globules,  like 
quickfilver  when  rubbed  with  any  Unctuous  fubftance,  and  afterwards  adhered  to  the  fide 
of  the  veflel  in  which  the  mixture  was  made,  in  the  form  of  a  lucid  ring. 

3  N  2  Exper. 
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Exper.  8.  The  luminous  matter  of  a  herring  was  mixed  with  about 
of  pure  ferum,  from  the  healthy  fubjeft  of  the  5th  experiment:  it  foon  became 
finely  illuminated,  and  retained  its  fhining  appearance  for  a  long  time,  whenever  it  was 
ttirred  or  agitated. 

Exptr.  9.  The  recent  ferum,  drawn  from  patients  afflicted  witk  inflammatory  com- 
plaints, was  illuminated  pretty  much  in  the  fame  manner  as  in  the  8th  experiment; 
and  often  retained  light  above  48  hours. 

Urine. 

Exptr.  10.  Mackerel- light  being  mixed,  by  flrong  agitation,  with  fome  freth  urine 
from  a  healthy  perfon,  a  glimpfe  of  light  was  retained  at  firft,  and  then  was  gradually 
extinguifhed.  But  dale  and  pungent  urine,  being  incorporated  with  luminous  matter, 
had  (till  greater  extinguifliing  effect. 

Bitt. 

Exper.  11.  Some  bile,  taken  from  a  perfon  who  died  of  a  fupprefCon  of  urine,  had 
herring-light  mixed  with  it,  which  foon  became  extinct.  Another  trial  was  made,  with  a 
different  bile,  and  with  the  fame  rcfult. 

MM. 

Exper.  Il>  Human  milk  not  being  eafily  obtained,  fame  mackerel- light  was  in- 
corporated, by  agitation,  with  two  ounces  of  frefli  cow's  milk,  which  was  thereby 
rendered  finely  luminous,  and  continued  mining  above  24  hours.  Frefh  cream  alfo  re- 
tained fome  light;  though  it  was  not  fo  vifible  as  with  milk,  owing  probably  to  its 
thicknefs.  But,  when  either  milk  or  cream  turn  four,  they  contrail  a  very  extinguifliing 
property.  A  quart  of  milk  was  kept  five  days,  in  a  moderately  cool  place,  in  the  mouth 
of  June;  by  that  time,  it  was  changed  into  a  mixture  fome  what  refembling  curds  and 
whey,  that  is,  into  a  fmall  fmooth  coagulated  part,  and  a  very  thin  one,  both  which 
were  acidulous.  Some  fine  mackerel-light  was  mixed  with  two  ounces  of  each  of  them, 
in  fepatate  phials,  and  they  extinguished  it  immediately. 


V.  Ohfirvotiont 


Obfetvations  en  the  Theory  of  Electric  Attraftion. 


Obfervations  , 


tkt    Theory  of  Btcitic  Attralliin  and  Repulfion 
Miller,  F.T.C.D.' 


By  ike  Rev.   Gzosck 


Be 


BEFORE  that  the  theory  of  a  fingle  electric  fluid  was  propofcd,  no  difficulty  occurred 
in  the  explanation  of  the  attractions  and  repullions  obferved  to  arife  from  electricity.  If  we 
admit  that  there  ate  two  dittinCt  electric  fluids,  each  of  which  ftrongly  attraCts  the  other, 
but  con  fills  of  particles  mutually  repulfivcj  it  becomes  eafyto  account  for  the  attraction 
fubfifting  between  bodies  in  different  itatcs  of  electricity,  and  the  repulfion  between  thofe 
in  the  fame.  But  when  Dr.  Franklin  \,  obferving  that  a  man,  Handing  upon  a  non-con- 
ductor, could  not  electrify  himfelf,  but  that  he  could  electrify  another  perfon  alfo  (landing 
upon  a  non-conductor,  was  induced  to  regard  the  operation  of  exciting  electricity  only  as  a 
transferof  one  and  the  fame  fluid  from  one  body  to  another;  it  was  found  to  be  difficult 
to  reconcile  to  the  new  theory  the  mutual  repulflon  of  bodies  in  that  (late  which  is,  ac- 
cording to  this  theory,  denominated  negative  eleCtticity.  Dr-  Franklin  %  acknowledged 
that  he  could  not  afllgn  a  fatisfactory  reafon  for  it ;  and  Dr.  Prieftley  §  has  propofcd  it, 
as  one  of  the  queries  remaining  to  be  folved  for  completing  the  fcience  of  electricity. 
Many  attempts  have  been  made  to  obviate  this  apparent  objection  to  the  Ample  theory  of  a 
tingle  fluid  ;  but  the  difficulty  Teems  (till  to  be  as  great  as  it  was  in  the  time  of  Franklin. 

||  j^pinus  has  applied  a  very  elaborate  fyftem  of  mathematical  reafoning  to  the  folution 
of  electrical  pliEenomena,  and  has  adopted  as  the  bafis  of  his  theory,  the  fame  opinion 
which  Franklin  had  entertained  concerning  the  nature  of  the  eleCtric  fluid;  but  he  has 
combined  with  this  opinion  other  principles  fo  inadmiflible,  that  his  reafonings  cannot  be 
regarded  as  juft  explications  of  the  phenomena.  He  has  alfumed,  apparently  without  any 
other  reafon  than  its  importance  to  his  conclufion,  that  the  particles  of  all  other  fublt.mces 
repel  each  other.  His  fyftem  mutt  therefore  be  con  fide  red,  not  as  a  phyfical  folution 
agreeable  to  the  known  laws  of  natural  operations,  but  merely  as  an  ingenious  exercife  of 
mathematical  ability. 

M.  Dc  Luc,  who  rejected  the  folutions  of  jlEptnus  has  endeavoured  to  fupply  the  defi- 
ciency. **  Having  remarked  that  the  divergence  of  the  balls  of  an  electrometer,  included 
in  the  receiver  of  an  air-pump,  is  continually  diminifhed  during  the  progrefs  of  exhaustion  i 
he  confiders  it  as  proved,  that  the  caufe  of  all  electrical  movements,  whether  of  attraction 
or  of  repulfion,  is  the  action  of  the  air.  This  principle  he  applies  in  the  following  manner. 
When  two  bodies  ate  in  fimilar  ftates  of  electricity,  either  pofitivc  or  negative,  they  will 
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confpire  to  modify,  either  by  giving  or  receiving  the  electric  fluid,  the  ftate  of  the  inter- 
mediate air,  whilft  that  of  the  exterior  air  is  only  modified  by  either  of  them  Gngly ;  and 
therefore  the  ftate  of  the  exterior  air  will  differ  more  from  that  of  the  electrified  bodies, 
than  die  ftate  of  the  intermediate  air.  In  tliU  cafe  lie  contends  that  a  rcpulGon  mult  take 
place,  becaufeeach  body  mult  move  towards  that  part  of  the  furrounding  medium,  whofe, 
electrics!  ftatc  is  moft  different  from  its  own.  On  the  other  hand,  when  bodies  are  in  dif- 
ferent ftates  of  electricity,  they  will  mutually  counteract  the  ohangct,  which  they  might 
feparately  produce  in  the  ftatc  of  the  intermediate  air ;  but  each  will  operate  on  the  exte- 
rior air  without  any  compenfation,  In  thta  cafe  the  Rate  of  the  IBM mediate  air  will  con- 
tinue to  differ  from  that  of  each  body  M  much  aa  at  the  rirft  intrant,  whilft  the  ftate  of  the 
exterior  air  is  Separately  modified  by  car  h  body  according  to  its  refpective  ftate  of  electri- 
city. The  two  bodies  then  i  - -.  moving  toward*  that  part  of  the  furrounding  medium, 
whofe  electrical  ftate  is  moft  different  from  tfaek  own,  will  ar  the  fame  time  move  towards 
each  other. 

This  theory  very  ingrnioufly  avoids  the  difficulty  of  explaining  the  cafe  of  electrical  re- 
pulfion,  by  refolving  it  intu  art  attraction  towards  the  furrounding  medium.  It  fcems 
however  to  be  liable  to  two  objections.  In  the  firft  place,  inftead  of  alTuming  unauthorized 
principles  with  the  preceding  theory,  it  omits  the  confideration  of  one  whofe  cxiftencc 
fecms  to  be  afcertaintd  .by  experiments.  If  a  body  be  in  either  ftate  of  electricity,  it  will 
induce  in  an  adjacent  body  the  contrary  ftate,  until  it  (hall  have  come  within  a  certain 
diftance.  This  property,  which  has  been  ascertained  by  various  experiments,  indicates  a 
repuliive  force  (jibfiftlttg  between  the  portions  of  the  electric  fluid  that  belong  to  the  adja- 
cent bodies  5  and  this  theory  makes  no  allowance  for  fuch  a  repulfion.  The  fundamental 
principle  of  it  is  merely  a  diffitiion  of  the  electric  fluid,  and  is'  thus  dated  by  M.  deLuc: 
"  the  electric  matter  tends. rewards  all  fubftances,  and  the  more  ftrcngly  in  the  fame  pro- 
*'  portion  in  which  they  poififs  a  fmaller  quantity."  In  the  fecond  place,  "it  does  not  ap- 
pear, when  carefully  confidercd,  to  afford  any  alTiftancc  towards  the  removal  of  the  grand 
difficulty,  the  mutual  repulfion  of  bodies  negatively  electrified.  If  two  bodies  negatively 
electrified  be  placed  it  .1  Email  iliir.mce,  they  will  both,  according  to  M.  de  Luc's  explana- 
tion, receive  the  electric  fluid  from  the  intermediate  air,  whioh  will  confequcmly  retain  a 
fmaller  portion  than  the  furrounding  atmofphcre.  From  the  law  above-mentioned  it 
fliould  follow,  that  the  redundant  fluid  of  the  exterior  air  fliould  by  diffufion  be  commu- 
nicated both  to  the  bodies  and  to  the  intermediate  fpace  ;  but  no  reafon  appears,  which 
would  induce  us  to  fuppole  that  the  bodies  therofelves  fhould  recede  to  a  greater  diitance. 
M.  de  Luc  does  Indeed  endeavour  to  prove  that  fuch  a  motion  fliould  take  place,  but  by  an 
experiment  whofe  Solution  contradicts  his  own  theory.  He  fufpfcnded  by  a  filk  thread  a 
lnrge,  but  light,  metallic  ball,  and  prefented  it  in  a  ftate  of  pofitive  electricity  to  a  body 

•  "  La  loi  fuivantc  fuffit  finite  I  La  matitrc  tJtflrique  tend  vers  routes  les  fub  Ranees,  d'autant  plus 
*•  fortement,  qu'tlles  en  puiTtdent  moiiu."      Journal  de  Phy(i<jue,  Juin  1790, 
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negatively  electrified.  The  former  was  attracted  rewards  the  latter  until  it  armed  at  a 
certain  diftance,  at  which  it  difcharged  its  electricity.  Hence  he  concluded,  in  general, 
that  when  a  body  has  more  of  the  electric  fluid  than  the  neighbouring  bodies,  and  is  lefs 
difpofed  to  refift  its  own  motion  than  to  abandon  the  excefs  of  its  electric  matter,  it  will 
move  towards  that  place  which  contains  lefs  of  this  matter.  But  in  this  experiment  he 
confiders  the  two  bodies  as  acting  on  each  other  at  a  diftance  without  any  reference 
to  the  intermediate  air. 

Mr.  Cavallo*,  in  the  Jaft  edition  of  his  treatife  on  electricity,  has  obterved,  that  the 
mutual  rcpulfton  of  two  bodies  negatively  electrified  is  frill  fuppofed  to  contradict  the 
theory  of  Franklin  ;  and  has  therefore  deemed  it  necefiary  to  obviate  the  objection  by  a 
very  particular  detail.  For  this  purpofe  he  has  premifed  the  following  proportions  : 
Prop,  i.  No  electricity  can  appear  on  the  furfacc  of  a  body,  or  no  body  can  be  electrified 
either  pofitively  or  negatively,  unlefs  the  contrary  electricity  can  take  place  on  other  bodies 
contiguous  to  it.  Prop.  a.  There  is  fbowthing  on  the  furface  of  bodies,  which  prevents 
the  fudden  incorporation  of  the  two  electricities,  viz.  of  that  pollened  by  the  electrified 
body  with  the  contrary  electricity  pofTelTed  by  the  contiguous  nir,  or  other  furrounding 
bodies.  Prop.  3.  SuppoGng  that  every  p  ttttde  of  a  fluid  has  an  attraction  towards  every 
particle  of  a  folid  -,  if  the  folid  be  left  at  liberty  in  a  certain  quantity  of  that  fluid,  it  will 
be  attracted  towards  the  common  centre  of  attraction  of  all  the  particles  of  the  fluid.  To 
this  lall  propofitian  he  has  fubjoined  the  two  following  corollaries:  1. 1  the  fame  thing 
muft  happen,  when  the"quantity  of  fluid  is  fmaller  than  the  bulk  of  the  body ;  a.  if  the 
attraction  of  the  particles  of  the  fluid  be  exerted  only  towards  the  furface  of  the  folid,  the 
effect  will  be  the  fame  when  the  body  is  of  a  regular  fliape;  but  the  difference  will 
in  any  cafe  be  inconfidcrable. 

With  regard  to  the  folution  founded  upon  thefe  principles  it  muft  be  remarked,  that  it 
is  not  derived  (imply  from  a  confideration  of  the  fuppofed  nature  of  the  electric  fluid ;  but 
from  a  mixed  (latcment  of  that  nature  and  of  properties  aflumed  merely  from  experiments 
as  matters  of  fact.  The  firft  and  fecond  proportions  exprefs  thofe  properties,  and,  though 
the  experiments  to  which  the  former  refers,  may  be  explained  by  afcribing  the  phenomena 
to  the  repulfive  nature  of  the  fluid,  yet  the  latter  is  aflumed  without  any  fuch  reference. 
"  Without  examining,"  fays  Mr.  Cavallo,  "  the  nature,  the  extent,  and  the  laws  of  this 
"  property  in  bodies,  it  will  be  fuflicient  for  the  prefent  purpofe  to  obferve,  that  the  fact 
"  is  certainly  fo ;  for  otherwife  a  body  could  not  poflibly  be  electrified,  or  it  would  not 
"  remain  electrified  far  a  (ingle  moment,"  From  thefe  principles  thus  aflumed,  Mr. 
Cavallo  deduces  the  exiftence  of  atmofpheres  of  contrary  electricity  exifting  in  the  air 
contiguous  to  the  bodies ;  and  from  the  attractions  which  are  thereby  occafioned  he  infers 
the  apparent  iepulfion  of  the  electrified  bodies. 


•  vol.  in.  p.  191. 
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If  thefc  atmofpheres  be  conceived  to  be  formed  by  the  repulfive  nature  i 
fomc  allowance  fliould  be  made  for  the  mutual  repulfion  of  the  two  redundant  portions 
belonging  to  bodies  pofitively  electrified-  This  however  feems  to  be  neglected  for  the 
purpofe  of  explaining  the  repulfion  of  bodies  negatively  electrified.  But  the  difficulty 
feems  to  be  only  changed.  If  the  negative  atmofphere  adjacent  to  a  body  pofitively  elec- 
trified be  caufed  by  the  repulfion  of  the  redundant  fluid  of  the  body,  it  will  be  necelTary 
to  (hew  that  this  repulfion  is  overpowered  by  the  attraction  fubfifting  between  that  redun- 
dant fluid  and  the  portion  of  air  thus  deprived  of  a  part  of  its  electric  fluid. 

But  the  reality  of  thefc  atmofpheres  of  contrary  electricity  may  well  be  queftioned.  It 
feems  to  require,  that  we  fhould  conceive  a  portion  of  air  contiguous  to  each  body  to  be 
permanently,  during  the  mutual  repulfion  of* the  bodies  in  a  date  of  electricity  oppofite  to 
that  of  the  bodies.  But  *  it  is  afcertained  experimentally,  that  the  air  furrounding  any 
electrified  body  acquires  the  fame  electricity  which  had  been  poffeffed  by  the  body,  and  re- 
tains it  even  after  the  removal  of  the  body.  This  mult  be  fuppofed,  agreeably  to  the 
known  laws  of  electricity,  to  be  communicated  by  the  alternate  attraction  and  repulfion  of 
the  adjacent  particles  of  air.  Each  particle  mull  be  firft  attracted  towards  the  body,  and, 
when  by  contact  it  has  acquired  the  electricity  of  the  body,  repelled  from  it.  Inflead 
therefore  of  a  permanent  (late  of  contrary  electricity  conflicting  ihefc  fuppofed  atmof- 
pheres, each  adjacent  fpace  mult  be  occupied  by  particles,  fome  of  which  are  attracted  and 
others  repelled.  The  time  requifite  for  thus  reducing  the  electricity  of  the  body  to  an 
equilibrium  with  that  of  the  furrounding  air,  is  fufficient  for  explaining  the  continuance 
of  the  electricity  of  the  bodies,  without  ihe  aid  of  the  fecond  propofnion  j  and  the  firft 
proportion  is  deduced  only  from  a  confideration  of  bodies  in  a  folid  ftate. 

Poffibty  a  more  diflinct  application  of  a  principle,  already  in  fome  degree  adopted  both 
by  Doctor  Prieltley  and  Mr.  Cavallo,  may  remove  all  the  difficulties  of  this  inquiry.  At 
lealt  I  will  hope,  that  it  may  lead  to  fuch  a  confideration  of  the  queftion,  as  may  fubject 
the  merits  of  the  theory  itfelf  to  a  fair  and  dccifive  difcuflion.  This  principle  isfaturation. 
t  Doctor  Prieftiey  has  explained  the  communication  of  the  redundant  fluid  of  a  body  pofi- 
tively electrilied  to  another,  a  part  of  whofe  fluid  had  been  previoufly  expelled,  by  fuppofing 
that  it  was  more  Itrongly  attracted  by  the  other  body,  than  by  its  own  which  had  more 
than  its  natural  fliare ;  and  J  Mr.  Cavallo  has  in  the  fame  manner  accounted  for  the  mu- 
tual attraction  of  bodies  in  different  Hates  of  electricity. 

In  applying  this  principle  to  the  folurion  of  electric  phenomena  three  forces  mud  be 
confidered  :  ill.  the  attraction  fubfifting  between  each  body  and  its  own  portion  of  the 
electric  fluid  ;  2dly,  the  attraction  which  may  fubfift  between  each  body  and  the  portion  of 
Quid  belonging  to  the  other;  and  $A\y,  the  repulfion  fubfifiing  between  the  two  portions 
of  the  electric  fluid* 
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That  the  attraction  fubfifting  between  two  bodies  in  oppofite  dates  of  electricity  may  be 
explained,  it  is  neceffary  to  confider  previouflj  tlic  cafe  of  two  bodies  in  their  natural  or 
ordinary  (late.  In  this  cafe  the  force  fubfifting  between  each  body  and  its  own  portion  of 
the  electric  fluid  is  not  in  a  (late  of  faturation,  becaufe  it  mull  be  fufficicntly  llrong  to 
counterbalance  the  elafticity  of  the  fluid.  Each  body  is  therefore  ftill  capable  of  being 
attracted  by  the  fluid  belonging  to  the  other,  and  each  portion  of  the  fluid  is  alfo  capable 
of  fuch  attraction.  This  force,  if  it  fbould  operate  alone,  would  draw  the  bodies  toge- 
ther ;  but  the  mutual  repulGon  of  the  two  portions  of  the  fluid  tends  to  produce  the  oppo- 
fite effect.     The  quiefcence  of  the  bodies  proves  the  equality  of  thefe  forces. 

If  two  bodies  in  oppofite  ftates  of  electricity  be  brought  together,  the  hody  pofi lively 
electrified  cannot  be  attracted  towards  the  remaining  electric  fluid  belonging  to  .the  other, 
becaufe  this  body  may  be  confideTed  as  faturated  with  the  fluid,  and  that  portion  of  the 
fluid  as  faturated  with  folid  matter.  For  the  oppofite  reafons  an  attraction  will  take  place 
between  the  body  negatively  electrified  and  the  fluid  belonging  to  the  former.  It  remains 
to  be  fhewn,  that  this  attractive  force  may  exceed  the  mutual  repulGon  of  the  two  portions 
of  fluid.  It  mull  be  obferved,  that  the  repulGon  remains  the  fame,  becaufe  the  Turn  of  the 
two  quantities  of  fluid  is  not  altered  ;  whereas  the  attraction  is  augmented  by  the  unequal 
distribution  of  the  fluid.  The  one  body  is  charged  with  more  fluid  than  that  which  its 
own  attracting  force  is  capable  of  retaining,  and  the  TcJundant  fluid  will  confequently  be 
ftrongly  impelled  towards  the  other  body,  whofe  attractive  power  is  at  the  fame  time  m- 
creafed  by  the  deficiency  of  its  own  portion  of  fluid. 

In  the  cafe  of  two  bodies  Gmilarly  electrified  the  bodtfcs  may  be  either  both  positively,  or 
both  negatively  electrified.  WKen  they  are  both  poGtively  electrified,  they  are  both  faru- 
rated  with  the  electric  fluid  ;  and  when  they  are  both  negatively  electrified,  both  remaining 
portions  of  the  electric  fluid  are  reciprocally  faturated  with  folid  matter.  In  neither  cafe 
therefore  can  any  attraction  take  place  between  either  body  and  the  fluid  belonging  to  the 
other.  Confequently,  the  repulGon  exifting  between  the  two  portions  of  the  fluid  mull 
operate  without  rcGftance,  and  the  two  bodies  be  repelled  from  each  other. 

Should  this  folution  of  electric  attraction  and  repulGon  be  admitted,  it  will  perhaps  alfo 
remove  the  difficulty  of  magnetic  repulGon.  In  this  part  of  philofophy  it  has  been  found 
difficult  to  explain  the  repulGon  of  the  correfponding  poles  agreeably  to  the  theory  of  a 
magnetic  fluid.  In  every  magnetical  body  the  equilibrium  of  this  fluid  is  fuppofed  to  be 
disturbed,  and  one  part  of  the  body  is  conceived  to  be  overcharged  with  the  fluid,  whilft 
the  other  is  undercharged.  The  difficulty  was  to  explain  the  repulGon  of  the  undercharged 
poles,  as  in  electricity  to  explain  the  repulGon  of  bodies  negatively  electrified.  Mr.  Kirwan 
has  indeed,  in  a  Memoir  contained  in  the  Sixth  Volume  of  the  Tranfactions  of  the 
Academy,  referred  the  phenomena  of  magnetifm  to  crvilallizaiion  ;  but  his  mention  of 
the  term  faturated  in  that  Memoir  feems  to  imply,  that  he  does  not  mean  to  exclude  the 
fuppoGtlon  of  a  magnetic  fluid.  If  this  be  adopted,  the  preceding  folution  may  be  applied 
to  the  phenomena  of  magnetifm,  in  the  fame  manner  in  which  it  baa  been  already  applied 
to  thofe  of  electricity. 
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The  theory,  according  to  which  the  preceding  folution  has  been  propofed,  fuppofes  the 
ele&ric  fluid  a  Jingle  fluid  ;  but  it  is  not  necefiary  that  it  fhould  be  conceived  to  be  abfo- 
\ute\y Jlmple.  We  know,  for  inftance,  that  atmofpheric  air  is  a  combination  of  at  leaft 
two  diftinft  fluids  ;  and  yet  explain  the  phenomena  of  the  barometer,  air- pump,  and  con- 
denfer,  as  depending  merely  on  its  prefence  or  ©bfcnce,  without  any  reference  to  the  com- 
pofition  of  its  nature.  In  the  fame  manner  fome  ele&ric  phxnomena  may  be  juftly  ex- 
plained by  confidering  them  as  the  efit&s  of  the  different  diftribution  of  the  fame  fluid ; 
whilft  its  phofphoric  fmell,  its  power  of  changing  blue  vegetable  colours  to  red,  and  its 
combuftion  may  poflibly  be  derived  from  its  decompofition. 


VI. 

Defcription  of  a  new  Rotatory  Engine  for  raifing  Water,  and  for  other  Purpo/es:    By  4 

Correfpondcnt. 

To  Mr.  NICHOLSON. 
SIR, 


1 


SUBMIT  to  your  judgment,  and  (hall  be  much  gratified  by  your  opinion  on  the  en- 
gine of  which  I  fend  you  the  inclofed  drawing.  If  you  think  it  may  be  intitled  to  a  place 
in  your  colleQion,  either  as  an  apparatus,  or  as  affording  fome  hints  to  the  improvement 
of  hydraulics,  the  whole  of  my  views  refpe&ing  it  will  fat  anfwered.  I  will  confefs  to  you, 
that  I  have  not  conftruQed  it  upon  a  fcale  of  a&ual  work,  and  am  well  aware  how 
many  fubordinate  points  of  organization  require  to  be  fettled,  before  any  mechanical  con- 
trivance can  obtain  its  bed  and  mod  eficdive  form :  but  as  it  has  already  been  the  fubjeft 
of  a  confidernblc  degree  of  meditation,  I  have  ventured  to  offer  it  to  you  in  its  prefent 
(late. 

I  am,  Sir, 

Tour  obliged  Servant* 

London^  Die*  14,  1800.  O.  B. 

DESCRIPTION. 

In  Plate  XX.  the  upper  figure  reprefents  an  horizontal  fe&ion  of  the  main  part  of  the 
engine,  and  the  \>wer  figure  fliews  the  fame  engine,  as  it  would  appear  to  an  obferrer 
viewing  it  at  right  angles  to  the  former  direction  of  fight :  the  fame  letters  in  both  denoting 
the  fame  parts*  k  A  reprefents  an  elliptical  veflel  of  wood,,  or  rather  of  metal,  having 
its  top  and  bottom  flat,  and  joined  to  the-  fides  by  flanches  or  borders.  The  fides  are  up- 
right, and  may  be  of  any  height  according  to  the  intended  capacity.  In  this  veflTel  revolves 
the  cylinder  B,  B,  having  the  fame  axis,  and  touching  the  internal  circumference  at  two 
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:  lines,  where  the  place  of  contact  is  made  water  tight  by  leathering,  packing,  01 
ny  of  the  tifual  methods.  At  oppoGtc  parts  of  the  furface  of  the  cylinder  are  two  flaps 
C,  C,  which  are  urged  cutwaids  by  fprings,  which  caufe  them  to  bear  againft  the  interior 
furface  of  the  elliplis,  and  when  prefled  down  they  fall  into  cavities  in  the  cylinder,  fo  as  to 
complete  die  defective  portion  of  its  face.  It  rauft  be  underltood  that  thefe  Saps,  as  well 
as  the  cylinder  itfelf,  are  of  the  height  to  fill  up  the  interval  between  the  fiat  faces  of  the 
top  and  bottom,  and  are  fecured  fo  as  to  be  water  tight.  Laftly,  E  E  are  two  pipes  lead- 
ing downwards  to  the  water  intended  to  be  ralfed,  and  F  F  ate  two  pipes  leading  upwards 
to  the  refervo'ir,  or  receptacle,  to  which  it  is  to  be  conveyed.  The  firft  mover  is  applied 
at  the  extiemity  D  of  the  axis. 

The  adion.  Let  us  fuppofe  an  engine  of  this  conftrudion  to  be  fixed  on  board  a  (hip 
centrically  beneath  one  of  the  capftans,  and  that  by  the  common  contrivance  of  a  gear  bar, 
or  other  equivalent  piece,  the  lower  extremity  of  the  axis  of  the  capftan  is  conne&ed  with 
that  of  the  machine,  and  a  convenient  number  of  men  fet  to  work  it  in  the  direction  H  G. 
The  immediate  confequence  will  be,  that  the  fpaces  H,  H,  behind  the  flaps  C,  C,  will  be 
enlarged,  and  as  they  are  air  tight,  the  preiTure  of  the  atmofphcre  will  drive  water  from 
the  well  through  the  pipes  E  E  into  thofe  fpaces.  As  the  flaps  C  proceed  towards  F,  they 
will  be  prefled  in  by  the  elliptical  concavity,  and  at  laft  the  fpaces  G  G  will  difappear,  and 
the  grcateft  part^f  the  fpaces  H  H  (then  conitituting  the  whole  internal  part  of  the  vefleD 
will  be  nearly  full  of  water.  By  the  continuance  of  the  procefs  the  two  flaps  will  have 
pafied  the  places  of  contact,  and  begin  to  open  on  the  oppofite  fides  of  (he  etlipfis,  driving 
before  them  the  water  and  air  up  the  pipes  F  F  ,  at  the  fame  lime  that  the  fpaces  H  H  be- 
come again  enlarged,  and  draw  a  frefh  fupply  of  water  through  E,  E.  A  conftant  and 
alniou.  equable  ftream  is  thus  produced  through  the  apparatus,  which  has  this  advantage, 
that  by  tncrcafing  the  number  of  men  at  the  capftan,  the  velocity  of  this  current  may  be 
increafed,  fo  as  to  iqual,  as  it  fliould  feem,  any  exigency  the  ftate  of  the  veffel  might 
produce. 

If  the  fudion  pipes  were  occafion.il  ly  led  into  the  fea,  and  the  forcing  pipes  into  a 
moderate  fixed  air  veflcl,  like  chat  of  the  fire  engine,  a  very  powerful  ftream  of  water  might 
be  direded  to  any  part  of  the  fhip,  in  cafe  of  the  dreadful  accident  of  fire;  or  for  the 
common  purpofes  of  cleanlinefs  of  the  births  of  men  or  animals,  upon  which  fo  much  of 
their  health  and  comforts  depend. 

Shall  I  extend  my  f peculations  farther,  and  exprefs  my  conjecture,  that  this  might  form 
no  contemptible  fteam  engine,  if  (team  were  admitted  through  E  into  H,  and  condenfed 
fo  as  to  render  the  preflure  of  the  atmofphcre  aftive  in  G  upon  the  flap,  when  the  conden- 
fation  were  made  ;  or  that  it  might  receive  the  adion  of  2  defcending  ftream  of  water, 
and  work  a  mill,  or  other  ufeful  machine,  &c.  &c.  Or  (hall  I  iw*t  rather  leave  this  vi- 
lionary  region  of  fanciful  indulgence,  and  commit  the  fate  of  my'ngine  at  once  to  the 
cenfure  or  praife  of  yourfdf  and  readers  ? 

O.B. 
3  0a  %*  Many 
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*,"  Many  engineers  have  exercifed  their  talents  in  contriving  machines  which  fhould 
raife  water  without  the  alternate  action  of  the  pump  j  but  I  do  not  recollect  having  feen 
any  conftruction  preufely  the  fcrne  as  that  of  my  correfpondent.  In  the  Reeuril  tin  Ma~ 
thhiej  et  Inventkns  app'nuvht  par  I' ' Academ'u  Royalt  del  Sciences,  torn.  I.  page  1 03,  there  it 
a  machine  by  the  celebrated  M.  Amontom,  For  raiting  water  by  a  drum  or  cylinder,  fixed 
with  iis  axis  horizontal,  and  an  ellipfis  revolving  in  it  againft  two  flaps  or  valves  attached 
to  the  cylinder ;  the  effect  of  which  was  to  afford  two  pair  of  variable  fpaces  fimilar  to  the 
engine  before  us.     It  is  dated  1699. 

Mr.  Thomas  Dickinfon  in  1700  obtained  1  paient  for  a  new  engine  on  a  rotatory  prin- 
ciple, of  which  the  contrivance  thews  a  mind  habituated  to  mechanical  rcfearch  and  in- 
vention. The  principal  organ  confifls  of  a  cylinder,  in  which  another  eccentric  cylinder 
1  evolves,  leaving  a  gibbous  fpace  on  one  fide,  and  out  of  this  laft  cylinder  i  flitcs  two  Aiders 
eroding  each  other,  and  fo  contrived  as  to  length  and  other  expedients,  that  they  fweep 
the  cavity,  and  afford  variable  fpaces  for  the  introduction  and  extrufion  of  water.  The 
drawings  may  be  fecn  in  the  fecond  Volume  of  the  Repertory  of  Arts,  and  the  whole 
differs  very  much  from  the  invention  of  my  eorrefpondeot. 

The  action  of  fleam  againfl  flaps  or  valves  between  two  concentric  cylinders,  forms  part 
of  fome  imperfect  defcriptions  in  the  fpecifications  of  the  celebrated  James  Watt,  and 
there  is  alfj  a  contrivance  of  this  kind  loofely  defcribed  in  the  firft  volume  of  the  Irifh 
Tranfactions,  by  John  Cooke,  Efq. 

I  fhall  not  attempt  to  difcufs  the  relative  values  of  tbefe  inventions,  either  with  regard  to 
each  other,  or  to  the  engines  more  generally  ufed.  The  advantage  of  an  incctTant  or  con- 
tinued motion  is  admitted  by  all  mechanics,  and  might  be  eafilv  difplaycd.  But  in  engines 
like  every  one  of  the  foregoing,  the  difficulties  of  fluffing  or  packing  the  parts  which  move 
in  contact,  and  the  conGderable  friction  and  wear  they  mutt  be  fubjefl  to,  unlefs  im- 
proved far  beyond  their  prefent  ftate,  arc  fo  great,  that  I  think  few  practical  men  would 
venture  to  undertake  them.  I  do  by  no  means  prefume  to  fay,  that  they  are  on  that  ac- 
count ufelefs.  Undoubtedly  they  may  be  claff'ed  at  leait  with  thofc  products  of  the  under- 
ftanding,  by  which  our  knowledge  and  mental  habits  are  improved,  and  which  form  a  flock 
whence  the  moft  ftriking  and  unforefcen  difcoveries  are  occafionally  drawn.  Sheep  were 
marked,  loadftones  were  examined,  and  the  covers  of  kettles  were  blown  off  many  ages 
before  the  art  of  priming,  the  mariner's  compafs,  and  the  (team  engine  were  thought  of. 

W.N. 
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;  Method  of  blanking  Cotton,  as  publtjhcd  by  Chaptal,  Mtmhcr  of  the 
National  Influvu.     By  J.  C.  DftjutZTjiitiiE  •. 

A  HE  fuccefsful  experiments  made  by  Berthollet  in  bleaching  vegetable  cloth,  by  means 
of  the  oxygenated  muriatic  acid,  feem  to  have  brought  this  ait  nearly  to  a  ftate  of  perfec- 
tion ;  but  this  method  is  not  in  every  ini'tance  equally  cec  one-mica  I :  it  requires  to  be  per- 
formed by  (kilful  operators,  in  order  that  the  goods  may  not  be  arretted  by  a  ley  too  corro- 
five,  or  applied  at  an  improper  time,  independent  of  which  confideration,  it  is  deGrable 
that  every  procefs  fliould  be  completely  difclofcd,  in  order  that  the  artift  may  choofe  fuch 
means  as  may  be  beft  fuited  to  his  purfuits. 

This  confideration  has  induced  me  lo  defcribe  a  very  fimple  and  ceconomical  procefs  for 
bleaching  cotton  thread  ;  it  is  as  follows: 

At  the  height  of  about  four  decimetres  { 18  inches)  and  an  half  above  the  grate  of  a  com- 
mon furnace,  a  copper  boiler  is  placed,  of  a  round  form,  five  decimetres  (20  inches)  in 
depth,  and  one  metre  and  a  third,  (3?  feet)  in  diameter.  The  projecting  rim  of  the 
cauldron,  which  is  about  two  decimetres  (8  inches)  refts  upon  the  brick  work  of  the  fur- 
nace. The  remainder  of  the  kiln  is  raifed  of  free  ftone,  and  forms  an  oval  boiler  or  di- 
gefter about  two  metres  (6  feet  and  a  half)  in  height,  and  its  width,  when  meafured  aC 
the  centre,  is  about  one  metre  and  a  third,  or  _){  feet. 

The  upper  part  of  this  veflel  has  a  round  orifice  about  half  a  metre  (19!  inches)  in  dia- 
meter, which  is  doled,  when  neceffary,  by  a  large  moveable  Hone,  or  by  a  copper  lid, 
adapted  for  the  purpofe.  On  the  flanch  of  the  copper  veffcU  which  forms  the  bottom  of 
this  kind  of  digefter,  a  grating  is  laid,  which  eonfifts  of  bars  of  wood,  placed  near  enough 
to  prevent  the  cotton  that  is  put  on  them  from  falling  through,  and  fufhciehtly  ftrong  to 
fupport  the  weight  of  eight  hundred  kilogrammes,  (or  1 ;-  cwt.) 

When  this  ftruclure  is  completed, the  cotton  having  been  previouily  divided  into  hanks  or 
parcels  is  flightly  impregnated  with  a  folution  of  foda,  rendered  cauftic  by  the  addition  of 
lime.  This  operation  is  performed  in  a  trough  of  wood  or  ftone,  io  which  the  cotton  is 
worked  by  men  with  their  feet  defended  with  wooden  (hoes.  As  foon  as  the  cotton  is 
■fumciently  impregnated  with  the  alkaline  liquor,  it  is  conveyed  to  the  digefter,  and  piled 
upon  the  wooden  grate.  In  this  fituation  the  exfuding  liquor  runs  through  the  bars  into 
the  copper  boiler,  where  it  forms  a  ftratum  of  fluid,  and  which  allows  the  whole  mafs  to 
be  heated  without  danger  of  burning  either  the  cotton  or  the  metal.  The  alkaline  ley  is 
compofed  of  Alicant  foda,  in  quantity  one  tenth  part  of  the  weight  of  the  cotton,  and  in  a 
vefTcl  of  the  dimeuCons  above  dcfcribed,  there  may  be  employed  at  each  time,  forty  myria- 
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grammes  (about  8oo  French  pounds,  or  880  avoird.)  of  cotton.  The  denfity  of  the  ley  is 
in  general  about  two  degrees,  (qu.  by  what  inftroraent  ? )  After  the  cotton  is  properly 
difpofed  in  the  boiler,  the  cover  is  put  on,  and  fcarccJy  any  iiTue  left  for  the  vapours  dif- 
engaged  by  the  heat,  in  order  that  they  may  acquire  a  more  coufiderable  degree  of  heat, 
and  re-acF  with  increafed  force  upon  the  cotton.  When  the  digefter  is  charged,  the  fire 
is  lighted  in  the  furnace",  and  the  ley  fubmitted  to  a  gentle  ebullition  from  twenty  to  thirty- 
fix  hours.  It  is  then  left  to  cool,  the  cover  is  taken  off,  the  cotton  carefully  walhed,  and 
expofed  in  the  bleaching  ground  for  two  or  three  days,  by  fpreading  it  on  frames  during 
the  day,  and  fpreading  it  on  the  grafs  at  night.  Thus  the  cotton  acquires  a  beautiful  de- 
gree of  whitenefs;  and  if  by  accident  fome  portions  of  the  (kains  (hould  remain  unbleached, 
they  are  replaced  in  the  boiler,  and  lubjected  to  a  fecond  operation,  or  otherwife  they  are 
left  in  the  fieJd  for  feveral  days  longer.  Thefe  (hades  in  the  bleached  cotton  are  the  eonfe- 
quence  of  its  not  haring  been  completely  and  equally  impregnaied  with  ley  ;  but  they  may 
alfo  proceed  from  too  clofe  preflure  in  certain  parts,  at  the  time  of  flowing  it  in  the 
boiler.  When  the  ley  is  fuppofed  to  be  exhaufted  by  ebullition,  the  boiler  is  uncovered, 
and  the  cotton  wetted  with  an  additional  quantity  of  the  folution  of  foda  ;  for  unlefs  this 
precaution  is  taken  it  may  eafily  bum. 

From  thefe  particulars  it  would  be  eafy  to  form  a  notion  of  the  ceconomy  of  this  procefs, 
by  calculating  the  price  of  the  articles,  and  the  time  employed  in  the  operation,  if  there 
were  not  a  more  limple  method  of  e  ft  i  mating  its  advantages,  namely,  the  low  price  at 
which  cotton  is  bleached  in  all  the  manufactories  where  this  difcovcry  is  pracUfed.  In 
the  fouth  of  Francd  where  it  is  now  generally  adopted,  cotton  is  bleached  at  the  rate  of 
about  eight  francs,  for  forty  kilogrammes,  (or  rather  cheaper  than  a  penny  a  pound.) 
This  procefs  was  brought  from  the  Levant,  a  (hart  time  after  we  had  obtained  the  method 
of  producing  the  Adrianople  red.  It  was  reduced  to  practice,  but  hitherto  kept  fecret, 
under  the  name  of  blanchimcnt  &  lajimee,  (vapour  bleaching.) 

Extrail  from  the  Bulktin  of  the  Philomath   Society. 

This  procefs  has  been  employed  with  the  greateft  fuccefs  by  Bourlier,  at  Bons- 
Hommes,  near  Paris. 

The  Englilh,  who  never  neglect,  an  opportunity  of  improving  their  manufactures,  made 
trial  of  the  procefs  of  Chaptal,  as  foot*  as  they  received  information  of  it.  It  has  com- 
pletely fucceeded,  as  appears  by  the  following  extract  of  a  letter  from  a  man  of  icience  at 
London  f. 

"  A  new  method  of  bleaching  has  juft  been  tried  at  Balynah,  and  has  completely  fuc- 
"  ceeded.     The  principle  of  the  procefs  appears  to  have  been  publifhed  by  a  French 

*  The  conftiiittion  here  defcribed  is  for  a  fire  of  piteoilj  but  if  wood  be  uftd,  the  dimenfiom  of  the 
fire-place  mull  be  different.  In  (he  latter  cafe  the  grate  would  be  ul'elcfs,  and  the  bottom  of  the  vefTel  too 
fir  from  the  Are.—  •Delametherie. 

■J-  The  extract  is  in  French,  from  which  I  «tranflate..--N. 
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*  chemift,  Chaptal,  who  is  much  refpeeted  by  our  manufacturers.  I  fpeak  of  the  art  of 
11  difcolouring  piece  goods  in  a  digellcr,  by  cauftic  alkaline  ley.  Though  our  firft  at- 
"  tempts  did  not  perfectly  fucceed,  wc  were  not  difcouraged.  The  linen  was  expofed 
"  to  the  action  of  vapour  in  the  apparatus,  but  it  was  not  equally  affected,  as  it  appeared 
«  to  be  blotched  in  feveral  places  j  wc  were,  therefore)  obliged  to  conftruct  an  apparatus, 
"  in  order  to  unroll  and  fcparate  the  goods,  and  to  expofe  the  greateft  furface  poffible  to 
"  the  action  of  the  vapour.  Suppofe  the  boiler  of  a  (learn  engine,  in  the  form  of  an 
"  elongated  ellipfis,  provided  with  a  fafcty  Talve,  two  tubes  with  cocks,  to  fh.ew  the  conr 
"  fumption  of  the  liquor,  and  a  mercurial  gage,  to  afeertain  the  ftrength  of  the  (team. 
"  This  boiler  is  bedded  in  mafonry,  or  brick-  work,  that  it  may  refift  the  exceflive  preflure 
**  which  neceflarily  takes  place.  In  the  interior  part  of  the  apparatus  are  fix  reels,  three 
"  at  each  end,  alternating  with  each  other,  in  order  that  the  action  of  the  fleam  may  be 

*  more  equable  upon  the  goods.  Thefe  reels  are  flowly  and  uniformly  carried  round 
"by  fimple  tooth  and  pinion  work  of  wood,  and  the  firft  motion  is  given  to  an  aits 
"  which  panes  out  of  the  boiler  through  a  (cuffing  box,  which  prevents  the  efcape 
"  of  vapour.  At  the  top  is  an  opening  of  about  fix  tee  11  inches  diameter,  with 
"  a  rim  or  flinch,  on  which  the  cover  is  fitted,  and  firmly  fecured  by  fcrews,  Between 
il  the  two  metallic  faces  are  placed  drips  of  foaked  leather,  to  prevent  the  vapour  from 
"  efcaping.  When  the  cover  is  taken  off,  the  workmen  can  enter  tie  boiler,  to  difpofc 
"  the  goods  upon  the  rollers,  each  of  which  contains  about  fifteen  or  twenty  pieces, 
ct  making  in  the  whole  about  forty-five  or  Gxty.  The  raw  material,  namely,  cutinamara 
"  kelp,  is  an  article  of  inconfidcrabte  cxpence,  or  clfc  the  foda  extracted  from  fea  fait, 
"  in  which  there  remains  indeed  a  fro  all  portion  indecompofed,  hut  which  we  procure  at  a 
"  very  reafonable  price.  It  15  rendered  cauftic  by  (tie  addition  of  fome  good  lime,  which 
M  is  made  from  our  lime-ftone  of  Parre,  with  thefe  a  ley  is  formed,  which  is  equal  to 
"  fourteen  degrees  of  our  hydrometer.  In  this  lixivium  the  piece  goods  are  boiled,  and 
"  then  conveyed  to  the  digefter,  on  the  bottom  of  which  the  ley  (lands  to  about  five  indies 
"in  depth.  The  workman  (lands  upon  a  perforated  (loge,  which  prevents  him  from 
"  (tepping  into  the  ley  while  he  is  arranging  the  pieces  :  after  which,  having  placed  them 
'*  on  the  rollers,  the  apparatus  is  clofed,  the  fire  lighted,  and  the  operation  begins.  As 
*'  foon  as  ebullition  takes  place,  the  handle  ou  the  outride  is  incclfanily  turned,  artel  as 
"  foon  as  the  roller  at  one  end  is  filled,  the.  handle  is  (hifted  to  the  other  roller,  and  the 
**  turning  performed  in  the  contrary  direction.  In  this  manner  the  operation  is  continued 
"  till  the  whole  of  the  contents  is  bleached.  From  this  deXcription  you  may  eafily  underftrind 
"  how  this  operation  is  performed  ;  I  (hall,  however,  take  the  firft  opportunity  of  fending 
"  you  a  plan  and  defcription  of  the  apparatus,  if  you,  with  for  further  information.  You 
**  are  at  liberty  to  make  whatever  ufe  you  pleafe  of  this  account:  the  expence  of  bleaching 
"  is  not  more  than  one  farthing  per  yard,  including  coals,  workmen'-.. .wages,.  &c  as  well. 
t  as  intereft  for  the  capital  employed  in  the  apparatus," 
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On  the  Chemical  Effects  of  the  Pile  of  Volla.     Sj  a  Cor  re/pendent. 
To  Mr.  NICHOLSON. 


A  HERE  is  fomeihing  To  fafcinating  in  the  eafc  with  which  the  ptefeot  fyftem  of 
chemiftry  can  be  applied  lo  molt  of  the  phenomena  of  nature  and  ait,  that  I  may  fufrer 
the  dcrifion  perhaps  of  many  phi lofo pliers,  if  I  even  queilion  its  application  in  any. 
However,  as  truth  fhould  be  the  object  of  all  who  cultivate  a  knowledge  of  nature,  !  (ball 
venture  to  mention  a  few  circumftances. 

I  have  lately  repeated  moll  of  the  experiments  which  have  been  made  on  the  pile  of 
Volta,  and  have  read  with  much  attention  the  opinions  which  you  have  publiihcd  of  your 
own,  and  of  fome  of  your  learned  correfpondemii. 

When  two  wires  of  platina  are  ufed,  and  when  they  are  placed  in  water,  two  gafes  are 
produced,  the  one  having  the  properties  of  oxygen,  the  other  of  hydrogen  gas.  Thefe. 
wires  may  be  placed  at  very  con  filterable  diftances  from  each  other,  and  yet  if  they  are  in 
the  fame  vefl'el  of  water,  they  produce  thefe  airs  as  fpecdily  and  in  as  great  quantities  as 
when  they  are  ever  fo  clofe  to  each  other. 

Now,  Sir,  f  wifh  to  know  how  it  happens,  according  to  any  fyftem,  that  the  two  com- 
ponent parts  of  water  fliould  be  made  to  appear  at  fuch  diftances  from  each  other.  Does 
the  hydrogen  of  the  decompofed  particle  of  water  on  the  zinc  fide  of  the  pile,  fly  away 
inftantly  as  the  oxygen  is  produced  on*  that  fide,  to  the  wire  connected  with  the  filver  1  If 
it  does,  why  do  we  not  fee  tiie  bubbles  in  its  paftagc  ?  Or  docs  the  oxygen  pafs  from  the 
wire  connected  with  the  Giver  to  that  connected  with  the  zinc?  Or  are  there  two 
currents. 

In  the  ordinary  modes  of  rcafoning  on  thefe  fubjects,  we  generally  fuppofe  that  when 
one  of  the  component  parts  of  a  fubftancc  is  feparated  or  is  fixed,  the  other  appears  tn- 
ftantly  in  fome  way  or  other,  and  cbfc  to  it.  If,  for  inftancc,  a  bar  of  red-hot  iron  be 
immerfed  in  water,  the  oxygen  unites  with  the  iron,  and  forms  an  oxide,  and  the  hydro- 
gen arifes  immediately  from  it,  wherever  the  oxygen  becomes  fixed.  This  feems  perfectly 
well  explained  by  the  prefent  theory  of  chemiftry.  In  the  pile,  if  copper  wires  be  fub- 
ilituted  for  platina,  one  wire  will  be  oxidated  whilft  the  hydrogen  arifes  from  the  other  at 
a  diftance.  "When  the  phofphuret  of  lime  is  dropped  into  water,  the  bubbles  of  phof- 
phorated  hydrogen  appear  clofe  to  it,  as  foon  as  the  oxygen  unites  with  the  faid 
phofphorus.  This  alfo  appears  to  be  well  explained  by  the  modern  theory.  If  the  par- 
ticles of  water  be  compofed  of  the  two  bafes  of  oxygen  and  hydrogen  gas,  and  if  one  of 
thofe  particles  be  decompofed,  and  one  of  its  principles  appear,  I  contend  that  Come 
4  account 
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account  fhould  be  given  of  the  other.  It  is  i  new  principle  for  it  infenfibly  to  hurry 
through  the  water  for  a  diftance  of  fix  inches  or  more,  and  there  to  make  its  appearance 
in  the  character  of  gas.  Volta's  difcovery  of  the  pile  feems  to  open  a  very  large  held  of 
inquiry  ;  it  has  already  altered  the  arrangement  of  many  facts  in  philofophical  chemiftry. 
As  an  individual  ex  penmen  tali  ft,  I  can  fay  it  has  led  me  to  many  investigations  which 
have  explained  difficulties  which  heretofore  confiderably  perplexed  me. 

I  may  hereafter  take  the  liberty  of  Submitting  to  you  fome  further  experiments  and 
obfervations  on  this  fubjeet,  and  fome  opinions  refpecting  the  generally  received  doctrine 
of  the  decompofition  of  water. 

If  you  Ihould  deem  this  worthy  .a  place  in  your  learned  Journal,  by  inferting  it  you 
will  oblige 


Your  obedient  humble  fervant. 


AN  EXPERIMENrAUST. 


December  21,   1800. 


",»  The  elucidation  of  the  above  and  many  other  difficulties  of  the  new  galvanic  pM- 
lofophy  muft  be  left  to  the  experimental  tefearches  of  thofe  able  men  who  We  Bow 
employed  opon  it.  But  I  may  here  remark  that  it  is  probable  that  the  local  proximity  of 
chemical  effects  dependant  on  each  other  may  not  be  fuch  as  my  correfpondent  apprehends, 
but  that  fome  diftance  both  of  fpace  and  time  may  intervene  between  all  fuch  phenomena. 
The  current  from  the  pile  may  perhaps  teach  us  to  generalize  and  correct  our  notions 
on  this  head.  Is  it  not  a  parallel  fact  in  chemiftry  that  the  vegetations  of  a  metal  (pre- 
cipitated from  an  acid  by  the  contemporaneous  folution  of  another  metal)  arc  formed  and 
depofited  at  the  diftance  of  many  inches  from  the  place  of  folution  ?  When  lead,  fur 
example,  is  precipitated  by  zinc,  and  the  vegetaiion  towards  the  end  of  the  pmcefs  is 
formed  near  the  bottom  of  a  tal!  veffel, — is  not  the  folution  of  the  zinc  an  etfdeitee, 
according  to  our  common  procefs  of  reafoning,  that  lead  e\ ills  alto  in  the  fotvent  at 
that  place  of  action;  and  if  fo,  why  is  not  that  lead  fcparated  inftead  of  the  i*.' 
remote  portion  .'— N. 
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Memoir  of  feveral  n:v)ly  d'fcoveted  Ptoperlkt  of  phofphorated  Hydrogen  Cat.  By 
Citizen  Raymond,  Prof  iff  or  of  Ckemjjiry  at  the  Central  School  of  the  Department  of 
the  Ardteht*. 


E  are  indebted  to  Citizen  Gengembre  for  the  important  difcovcry  of  phofpho rated 
hydrogen  gas.  Before  his  time  no  chemift  had  difcovcred  an  elallic  fluid,  which  poifelfed 
the  remarkable  property  of  taking  fire  by  the  contact  of  air  alone,  without  the  necelliy  of 
iacreafing  its  temperature,  or  placing  it  in  contact  with  a  body  in  a  (late  of  ignition. 

The  undulated,  and  continually  increafing  crown,  which  is  afforded  by  this  gas  wlicn 
burned  by  a  (ingle  bubble  at  a  time,  in  any  place  where  the  air  is  perfectly  calm  ;  the  luftre 
and  magnificence  which  attend  this  combtiftion,  when  effected  in  pure  oxygen  gas;  the 
fudden  penetration  of  the  two  gates,  and  their  total  convetfion  into  water  and  phofphoric 
acid.  Thefc  were  the  only  known  facts  which  hid  interefted  cbemifts  in  the  hifcory  of 
phofphorated  hydrogen  gas  when  I  attempted  to  discover  whether  this  elailic  fluid  did  not 
poflefs  other  properties,  which,  although  they  might  not  afford  a  fpectacle  of  equal  bril- 
liancy with  ihofe  above-mentioned,  might  not  on  that  account  be  lefs  worthy  the  attention 
of  philofophers. 

The  well  known  property  Imparted  by  fulphur  to  hydrogen,  and  reciprocally  by  hydrc 
gen,  namely,  that  both,  when  combined,  arc  folubte  in  water,  though  each,  taken 
feparately,  is  perfectly  indiflbluble,  had  already  led  me  to  imagine  that  the  fame  effect 
might  take  place  in  a  combination  of  phofphorus  and  hydrogen  ;  and  that  thefe  fub- 
ftances  being  pievioully  united,  might  then  perhaps  become  fufceptible  of  partaking  of 
the  liquidity  of  water,  by  communicating  to  the  latter  feme  new  properties,  nearly  fimilir 
to  thofe  poflelTed  by  the  folution  of  fulphuratcd  hydrogen  gas,  commonly  called  hepatifed 
water. 

To  deftroy  or  effectually  to  confirm  this  fufpicion,  I  took  a  flint  glafs  decanter,  which 
I  filled  with  newly  diftHIed  water,  of  the  temperature  of  twelve  degrees;  I  then  inverted 
it  on  the  fhelf  of  a  pneumatic  trough,  in  order  to  receive  the  phofphorated  hydrogen  gas, 
which  is  afforded  by  the  decompofition  of  water,  by  a  misrture  of  phofphorus  and  recently 
flaked  lime-  (This  procefs  is  defcribed  in  the  Annales  dc  Chimie,  for  the  year  1787.) 
As  foon  as  the  decanter  was  about  half  full  of  phofphorated  hydrogen  gas,  I  removed  it 
from  the  fhelf,  carefully  doling  its  orifice  with  my  finger,  and  then  briflcly  (baking  it, 
in  order  to  caufe  a  more  rapid  combination  of  the  gas  with  the  water,  in  the  fame  manner 
as  it  done  to  promote  the  folution  of  carbonic  acid  or  fulphurated  hydrogen  gafes. 

•  Annalrs  de  Chimif,  XXXV.  225. 


! 
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By  the  clofc  adhtfion  of  my  finger  to  the  mouth  of  the  decanter,  I  boa  perceived  that  a 
confidcrable  vacuum  was  produced,  or,  in  other  words,  that  a  great  portion,  or  perhaps 
even  the  whole  of  the  phofphorated  hydrogen  gas  contained  in  the  decanter  had  become 
diflolved  in  with  the  water. 

I  then,  not  without  difficulty,  withdrew  my  finger  from  the  orifice  of  the  decanter,  in 
order  to  examine  more  attentively  the  properties  of  the  fluid  it  contained,  as  well  as  to 
difcover  whether  fome  particles  of  gas,  capable  of  inflammation  by  the  contact  of  air, 
might  not  remain.  But  fcarcely  had  the  atmofpheric  air  entered  the  decanter,  when  a 
ftrong  exploGon  took  place,  attended  with  a  very  brilliant  light.  From  this  effect  I  was 
well  convinced  that  the  whole  of  the  phofphorated  hydrogen  gas  had  not  been  abforbed  by 
the  water  contained  in  the  decanter,  and  therefore  I  fuddenly  clofed  the  orifice,  to  pre- 
vent the  continuance  of  the  combuftion,  which  would  certainly  have  produced  a  con- 
fiderable  quantity  of  phofphoric  acid,  and,  confequently,  have  produced  a  degree  of 
uncertainty  in  the  refult  of  my  enquiries. 

The  decanter  being  exactly  clofed,  I  again  fhook  it  feveral  times,  from  a  notion  that  I 
fhould  thus  fucceed  in  completely  fixing  the  Jail  portions  of  hydrogen  gas,  which  ftUl 
remained  undiflblved. 

In  hopes  of  fuccefs,  and  impatient  to  afcertaiu  the  new  properties  which  might  have 
been  acquired  by  the  impregnated  water,  I  refolved  to  open  the  bottle  a  fecond  time,  and 
expofe  its  contents  to  the  contact  of  the  air.  Another  exploGon  foon  followed,  but 
lefs  violent  than  the  firft.  After  this  event,  I  did  not  again  clofe  the  bottle,  but  obferved 
that  an  extremely  pale  Hum  continued  to  efcape  from  It  during  feveral  minutes. 

When  there  no  longer  remained  any  apparent  figns  of  combuftion,  I  proceeded  to  fmell 
and  tarte  the  fluid  in  the  decanter.  Its  fmell  was  extremely  difagrceable,  and  very  different 
from  that  afforded  by  gafeous  phofphorated  hydrogen:  and  its  taftc,  though  very  bitter, 
was  neverthelefs  infjpid  and  naufcous.     Its  colour  inclined  to  yellow. 

With  the  tincture  of  turnfol  it  foon  became  perceptibly  red,  which  I  attributed  to  the 
fmall  portion  of  phofphoric  acid  produced  at  the  moment  when  the  explofions  took 
place,  as  well  as  during  the  time  of  the  gradual  inflammation  which  fucceeded  the  fecond 
detonation. 

I  was  now,  therefore,  obliged  to  repeat  the  operation,  by  diflblving  feme  phofphorated 
hydrogen  a  fecond  time  in  water,  in  order  to  afcertain,  by  a  greater  attention  to  my  ex- 
periment, in  what  exact  proportion  this  folution  might  be  effected,  and  alfo  to  prevent  the 
combuftion  from  taking  place  in  the  veffel:  otherwife  my  trials  would  have  remained 
inconclusive. 


(7c  be  concluded  i 
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iCIEXTlFW  XEU'S,    ACCOUXTS  OF  BOOKS,   S,c. 

Premium!  offered  hy  tie  Beard  of  Agriculture. 

A  HIS  Board  hiving  been  required  by  a  committee  of  the  Houfe  of  Lords,  "  to  examine 
"  into,  and  report  to  their  lordfhips,  the  beft  means  of  convening  certain  portions  of  grafs 
"  lands  into  tillage,  without  exhaufting  the  foil,  and  of  returning  the  fame  to  grifs,  after 
l  certain  period,  in  an  improved  flate,  or  at  leaft  without  injury,"  and  being  defirous 
that  their  information,  on  a  fubject  of  fo  great  importance,  fhould  be  compleat— adapted 
to  every  fort  of  foil,  and  founded  on  the  moft  ample  experience — have  come  to  the  re- 
solution of  offering  the  following  premiums  for  that  purpofe,  viz. 

To  the  perfon  who  fliall  produce,  on  or  before  the  firft  day  of  February,  1801 ,  the  beft 
and  moft  fatisfa&ory  eflay  on  the  fubjeft  before  mentioned,  diftinguifhing  refpcc~Vively, 
what  part  of  the  plan  recommended,  or  of  the  details  given,  is  the  refult  of  actual 
experiment,  accurate  obferration,  or  well-authenticated  information  —  S"w  Hundred 
Pounds. 

For  the  fecond  beft — One  Hundred  Pound'. 

For  the  third  beft— Sixty  Pounds. 

For  the  fourth  beft — Forty  Pounds. 

And  to  fuch  perfons  who  may  communicate  information,  which,  though  ufeful,  may  be 

coafidered  of  lefs  importance,  fmaller  rewards,  proportioned  to  the  opinion  of  the  Board. 

It  is  required  that  each  elT.iy  fliall  fully  detail  the  courfc  of  crops,  regard  being  bad 
to  the  varieties  of  foil,  and  the  time  propofed  for  continuing  the  land  under  tillage. 
Alfo,  to  explain  the  cafes  in  which  it  may  be  eligible  to  drain  land,  previous  to  tillage. 
In  what  cafes  paring  and  burning  arc  advantageous,  with  directions  thereon,  regard 
being  had  to  the  fubfejuent  cropping. 

The  depth  to  which  grafs  lands  fhould,  at  firft  breaking  up,  be  ploughed. 
Whether  the  crops,  intended  for  cattle  and  fheep,  are  to  be  fed  on  the  land,  and  by 
which  kind  of  ftock,  or  carted  off. 
To  ftate— 
The  crop  with  which  the  grafs  feeds,  in  each  cafe,  ought  to  be  fown,  when  the  lai 

fliall  be  again  laid  down: 
The  forts  and  quantities  of  grafs  feeds  for  each  kind  of  foil,  and  whether  to  be  pro- 
vided by  landlord  or  tenant : 
Whether  it  be  beft  to  mow  or  feed  the  grafs  in  the  firft  year  after  laying  down— to 

detail  the  management  in  each  cafe  : 
The  manuring  which  may  be  thought  decenary  ; , 
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The  principle  on  which  an  increafe  of  rent  ought  to  be  eaimated,  where  permtflion  may 
be  given  to  break  up  old  pailure  now  under  leafe. 

The  Board  requites  that  thefc  objefts  fbbuld  be  particularly  attended  to,  with  relation 
to  the  leading  qualities  of  land,  viz. 

Chy,  in  all  its  diftintUons;  and  foils  too  ftrong  or  wet  for  turnips: 

Loam,  in  all  its  diftin&icns,  fit  for  turnips: 

Sand,  including  warrens  and  heaths,  as  well  as  rich  fands  : 

Chalk  land,  and  downs  : 

Peat,  including  moory,  fedgy,  rough  bottoms,  and  fens. 

It  is  hoped  that  no  perfon  will  be  delerred  from  communicating  his  knowledge  to  the 
Board,  on  account  of  his  experience  being  confined  to  one  of  thefe  foils  only. 

The  Board  referves  the  power  of  withholding  any  premium,  in  the  cafe  of  no  effay  being 
deemed  fufKciently  important  to  merit  it. 

The  efliiys  which  (hall  obtain  any  premium,  or  other  reward,  to  remain  the  property  of 
the  Board. 

Each  eflay  to  be  fent  (fealed)  without  a  name,  but  with  a  mark,  or  motto ;  and  accom- 
panied by  a  fealed  letter  with  the  fame  mark  or  motto,  containing  the  name  and  addrefs  of 
the  author*  and  this  letter  will  not  be  opened,  unlefs  one  of  the  prizes,  or  fome  ether 
reward,  fhall  be  adjudged  to  him. 

All  communications  to  be  addrefied  to  Lord  Carrington,  Prefidenr,  Sackvillc-ftreet. 


■izts  offered  by  the  Clafs  of  Mathematical  and  Phyfical  Sciences  of  the  National  Injlitutt  of 
France  in  its  Public  Sitting,    IJfiS  Germinal  in  theyear  8  (April  4,  1800.) 

The  jivjl  Prize. 

The  clafs  of  Mathematical  and  Phyfical  Sciences  having  propofed  a  fecond  time  in  (he 
year  6,  as  the  fubjeet  of  a  prize  to  be  determined  at  the  public  fitting  of  Germinal  in  the 
year  8,  the  anatomical  comparifon  of  the  liver  in  the  different  chills  of  animals;  and  no 
memoir  having  been  tranfmitted  to  them  on  this  fubjefl,  the  clafs  has  thought  proper  to 
withdraw  it,  and  propofe  the  following  queftion  : 

//  is  required  to  determine  by  anatomical  and  chemical  experiments,  what  are  [he  phenomena  of 
the  torpid J}ate  which  certain  animals,  fuch  as  the  dormou/e,  the  marmot,  t&e.  experience  during 
the  winter,  -with  ngard  to  the  circulation  of  the  blood,  refpiration,  and  irritability:  to  a) certain 
what  are  the  caufes  ofthisflcep,  and  why  it  is  peculiar  to  thofe  animals. 

The  candidates  are  invited  to  examine  more  particularly  into  the  differences  prefented  by 
thofe  animals  in  their  lethargic  and  their  ordinary  Hates,  with  regard  to  the  pulfe,  the 
heat  of  the  blood,  the  frequency  of  refpiratic-t),  the  quantity  of  oxygen  confumed  in  a 

given 
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given  time,  and  the  excitability  by  galvanifm.  They  will  alio  examine  the  anatomical 
differences  which  diftinguifh  thefe  animals,  from  fuch  as  are  not  fubjedt  to  become  torpid 
in  the  winter,  and  enquire  how  far  thefe  differences  may  be  fufficieni  to  explain  the  phe- 
nomena of  this  lethargic  Hate. 

The  prize,  which  is  a  gold  medal  of  the  value  of  one  kilogramme  (15450  grains,  or 
about  128I.  fterling)  will  be  given  at  the  public  fitting  of  the  15th  Germinal,  in  the  year 
1 1  (April  4,  1803.) 

The  memoirs  will  be  received  till  the  15th  Mcffidor  in  the  year  10,  and  not  afterwards, 
(July  2d.  1802.J 


The  fecmd  Pnse. 

The  fame  clafs  propofed  in  the  year  6,  as  the  fubjett  of  a  prize  to  be  determined  at  the 
public  meeting  of  Germinal  in  the  year  8,  the  following  queftion  : 

Ta  afcertain  by  accurate  experiment  the  influence  of  atmfpheric  air,  of  light,  of  watery  and  of 
earth  hi  vegetation. 

Though  the  inftitution  has  received  no  memoir  on  this  interefting  queftion,  it  has 
thought  proper  to  propofe  it  again ;  but  as  the  different  works  which  are  necefiary  for  the 
complete  folution  require  much  time  and  many  experiments,  and  it  can  fcarcely  be  ex- 
pected, that  all  the  elucidation  which  is  defired  can  be  obtained  from  the  candidates  during 
the  intended  prolongation  of  the  term  ; 

The  clafs  has  determined,  that  in  cafe  no  memoir  (hould  be  received  at  this  fecond 
concurrence,  in  which  the  queftion  fhall  have  been  treated  in  its  utmoft  extent,  the  prize 
(hall  be  given  to  that  piece  which  fliall  contain  only  a  feries  of  experiments,  facts,  and 
obfervations,  which  fhall  appear  the  molt  proper  to  increafe  the  information  we  already 
poffefs  refpecting  fome  parts  of  the  problem  propofed. 

The  prize  will  be  a  gold  medal  of  the  value  of  one  kilogramme  (  1:450  grains,  or  about 
128).  fterling.)  It  will  be  given  at  the  public  fitting  15  Meflldor,  year  to,  (July  2,  180a.) 
The  memoirs  muft  be  fent  before  the  firft  Nivofe  in  the  year  10,  (Dec.  21,  1801.J 


Third  Prise. 

What  are  the  characters  -which  dijitnguijh  among  vegetable  and  animal  fubflatices,  thefe  which 
frrve  as  ferments,  from  tho/e  in  -which  they  excise  the  fermentative  proeefs  ? 

The  prize  will  be  a  gold  medal  of  the  value  of  a  kilogramme,  and  it  will  be  distributed 
at  the  public  fitting  of  the  15  Germinal  in  the  year  10. 

The  memoirs  muft  be  fent  before  the  firft  Nivofe  m  the  fame  year. 
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Candles  with  weoden  Wicks. 

Profefibr  Mctlicus  of  Heidelberg  has  given  an  account  of  die  candles  with  wooden 
wicks,  which  for  fome  years  paft  have  been  manufactured  and  ufed  at  Munich,  from  the 
original  inftrnctions  of  Count  Rumford,  wliofe  active  ferried  in  advancing  ihe  comforts 
of  fecial  life  are  fufficiently  known*.  The  profeffor  ufed  them  for  a  whole  winter,  and 
found  them  fuperior  to  every  other  kind  of  candle  in  the  following  advantages  :  they  give 
the  fame  quantity  of  light  as  a  wax  candle  (bougie) ;  they  burn  with  an  equal  and  conflant 
Came;  they  do  not  fputtcr,  and  never  run  over. 

The  only  difference  between  thefe  and  common  candles  confifls  in  the  wick.  The 
profefibr  did  not  know  the  actual  procefs  of  the  manufactory  in  wrapping  the  cotton  round 
the  wood.  The  editors  of  the  Annates  think,  that  the  flake  of  cotton  delivered  from  the 
carding  engine,  and  then  preffed  between  rollers,  would  be  exceedingly  well  adapted  to 
the  purpofe ;  and  there  is  no  doubt  that  various  methods  may  be  adopted  for  fo  eafy  a  pro- 
cefs. Any  kind  of  re  uncus  wood  may  be  ufed,  and  tallow  of  the  lirft  quality  is  applied  to 
this  object  in  Bavaria.  The  candles  are  fold  one  eighth  dearer  i  but  as  it  is  dated  that 
they  lalt  onefourth  longer,  there  muft  be  a  confiderable  faring. 

The  fize  of  the  wood  is  about  that  of  a  ftraw,  and  the  pieces  are  dipped  in  wax  or 
tallow,  fo  as  to  have  a  very  (light  covering  of  the  material.  They  are  then  rolled  up  in 
the  carded  cotton  till  they  have  acquired  the  Gzc  of  a  common  wick.  The  covering  muft 
be  very  equally  diftributed.  The  editors  propofe,  in  order  to  detach  the  wick  from  the 
reft  of  the  cotton  without  the  ufe  of  feiffors,  that  a  ftraight  edge  of  iron  fhould  be  preffed 
on  the  place  where  the  feparation  is  intended,  and  the  wick  then  drawn  away. 

The  candles  are  made  in  a  mould  as  ufu.il,  taking  care  to  place  the  wick  exactly  in  the 
middle.  Some  experiments  would  no  doubt  require  to  be  made,  particularly  to  afcertain 
the  beft  dimensions  or  proportions  of  wood,  cotton,  and  tallow,  for  candles  of  different 
fizes.  The  fnuffers  would  require  to  be  (harper  than  for  cotton  wicks.  I  do  not  remem- 
ber how  we  fnuffed  the  lob  chock  at  China  ;  but  I  thiuk  we  broke  off  the  charred  piece 
with  the  fingers,  or  any  convenient  implement. 


Ink  capable  of  refipng  the  Mm  of  Oxygenated  Muriatic  Acid. 
Since  the  difcovery  of  the  bleaching  power  of  the  oxygenated  muriatic  acid,  and  parti- 
cularly that  of  difcharging  the  traces  of  common  ink,  it  has  become  an  object  of  ferious 
inveftigation  to  form  an  atramentous  fluid,  which  fhould  not  be  fubject  lo  a  treatment  fo 

■The  account  it  in  Reims  Neue  Foitgcfedte.  Sainmlung  VcrnuTchcer  OEkunomifdicn  Sthriften.  ia 
Tb.— I  have  not  cUa  woik,  bur  recur  to  the  Annates  dei  Art*  et  Manufacture*  II.  mo.  1  do  not  know 
whether  (he  Count  was  lei!  to  this  eonitruflion  by  hi*  own  meditation*,  or  from  a  knowledge  of  the  Chinefe 
candle,  called  the  leA  chid,  for  an  account  of  which  fee  our  Kill  Vol,  page  7;.---  N. 
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ifly  inimical  to  the  written  evidence  of  the  ruuft  important  contracts  in  human  fc- 
ciety.  Many  German  chemtfuhave  made  experiments  with  their  ufual  intelligence  aud 
(kill  to  refolve  this  problem.  Among  the  receipts  for  this  purpofe  the  following  are  the 
principal  ■ : 

i.  By  Weftrumb.  Boil  one  pan  of  Brazil  wood,  and  three  parts  of  pounded  nut  galls, 
with  forty  fix,  parts  (the  whole  by  weight)  of  pure  water.  When  the  liquid  is  reduced  to 
thirty-two  pans,  pafs  it  through  a  (trainer  while  hot  upon  one  part  and  half  of  very  pure 
i'ulplu;e  nf  iron,  one  pail  and  qusrtcr  of  gum  arabic,  and  a  quarter  of  a  part  of  fine  fugar. 
When  all  thefe  fubllnnccs  are  difirlved,  add  one  part  and  a  quarter  of  good  indigo  ground 
as  fine  as  pof&ble,  and  three  quarters  of  a  part  of  purified  lamp  black. 

As  the  indigo  is  the  ingredient  in  this  ink  which  refills  the  oxygenated  acid,  and  as  it  is 
only  mechanically  fufpended,  it  is  of  importance  that  the  fluid  fhould  be  ftirred  well  every 
time  it  is  ufed,  left  the  bluet  colour  of  the  fluid  fhoul J  deceive  the  writer. 

2.  By  Boflc.  Boil  for  about  a  quarter  of  an  hour,  one  part  by  weight  of  Brazil  wood, 
with  twelve  parts  of  water.  Add  half  a  part  of  alluin,  evaporate  the  whole  to  eight  parts, 
and  mix  one  ounce  (q-  part  ?)  of  manganefe,  levigated  to  a  tery  fine  powder,  and  half  a 
part  of  powdered  gum  arabic. 

3.  Apparently  by  the  editor  of  the  Annates.  Boil  for  eight  minutes  one  part  by  weight 
of  Brazil  wood,  with  three  parts  of  powdered  nut  galls  in  nine  parts  of  vinegar,  and  an 
equal  quantity  of  water.  After  draining  the  liquid,  diflblve  therein  half  a  part  of  fiilphate 
of  iron,  and  one  part  of  gum  atabic,  after  which  add  a  folution  of  half  a  part  of  indigo 
in  one  part  of  concentrated  fulphuric  acid.  The  oxygenated  muriatic  acid,  if  applied,  will 
diflblve  the  oxide  of  iron  in  this  ink,  but  tt  cannot  decompole  the  indigo,  and.  the  great 
object  ts  to  prepare  the  ink  in  fuch  a  manner,  as  that  it  (hall  not  be  difcharged  by 
that  means. 

4.  The  fame  editor  a!fo  obferves,  that  the  common  ink  may  bi?  rendered  incapable  of 
being  completely  difcharged  by  any  action  which  the  paper  can  withftand,  if  inftead  of 
water,  or  other  liquids,  the  cxprefTed  juice  of  green  vegetables  be  ufed  ;  fuch  for  example 
as  the  lathiris  linn,  the  fambucus  niger,  or  common  grafs. 

*  Annales  dct  Arts  et  Manufafluret  II.  10S.. 
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ARTICLE    I. 

Obfervationi  on  a  Mttkod  of  refioring  the  Utility  of  Wells,  which  have  been  abandoned  in 
eonfequence  of  the  Mephilization  of  the  Ground.  By  Cil.  Cadat-db-Vaux,  of  the  Society 
of  Agriculture  of  the  Department  of  the  Seine  [in  France.)  Communicated  at  the  Sitting  of 
that  Society  on  the  16  Brumairc,  in  theyear  8.* 

X  HE  well  of  an  Iioufe  in  la  Rue  di  Beaune  was  infected  for  feventeen  years  by  the 
drainings,  or  tranfudations  from  the  neighbouring  privies.  The  proprietor  defiring,  if 
podible,  to  rcftore  it  to  the  ufe  of  the  inhabitants,  applied  to  C.  Dufour,  who  reGdes  in 
la  rue  traverft  I.  St.  Germain,  and  has  fucccfsfully  attended  to  that  department  of  hy- 
draulics which  relates  to  fprings,  wells,  and  fountains,  who  obtained  the  delired  efl'e£l  by 
an  happy  application  of  the  arteftan  procefi  (precede  artelien. ) 

The  arteGan  fountains  and  wells,  as  they  are  denominated  in  Flanders  and  Bclgia,  de- 
rive their  name  from  the  Province  of  Artois,  where  they  were  probably  invented,  and  arc 
made  as  follows : 


*  Tranflated  from  die  Decade  Pbilefo}hiqut,  An,  VIII,  to  frimiirt,  p.  %$t. 
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The  ground  where  one  of  thefe  fountains  or  wells  is  intended  to  be  ma 
with  the  borer ;  and  it  depends  upon  circum  fiances,  whether  the  refult  fhall  be  .1  well  or  a 
fountain,  that  is  to  fay,  upon  the  greater  or  lefs  elevation  of  the  refervoir  from  which  the 
fluid  is  fuppUed. 

In  the  perforation  in  the  ground  15  placed  a  wooden  pipe,  which  is  driven  down  with  a 
mallet,  after  which  the  boring  is  again  continued,  in  order  that  the  pipe  may  be  driven  fttll 
lower.  By  means  of  the  borer,  the  ltrata  of  gravel,  (tones,  and  even  rocks,  if  prefent, 
are  perforated.  In  proportion  as  the  cavity  of  the  inftrument  becomes  loaded,  it  is  drawn 
out  and  emptied,  and  in  time,  (for  this  is  not  a  very  fpeedy  operation)  by  the  addition 
of  new  portions  of  wooden  pipe,  the  boring  is  carried  to  great  depths,  and  water  is  at  laft 
obtained,  unlefs  the  labour  fhali  have  proved  to  be  in  vain ;  2  thing  which  foractimes, 
though  very  feldom,  happens. 

If  the  refervoir,  or  vertical  hetd  of  the  water  obtained,  fhoutd  prove  higher  in  its  level 
than  the  furface  of  the  ground,  the  water  fprings  up,  and  the  refult  is  not  a  well,  but  a 
fountain,  d  Dufour  has  thus  obtained  one  at  Courtalin,  which  affords  water  in  fuffkient 
abundance  to  fupply  the  paper  manufactory  of  C.  C.  Rcveillon  and  La  Garde. 

If  on  the  contrary  the  level  be  lower,  the  water  cannot  rife  above  fome  elevation  beneath 
the  upper  orifice  of  the  cylinder.     It  is  then  an  ancfian  well. 

A  fountain  or  fpouting  fpritig  may  be  hoped  for  when  the  boring  is  performed  on  the 
fide  of  an  hill,  or  in  a  diftricl  environed  by  mountains  or  hills  j  but  m  the  plains  at  a  great 
diftance  from  thefe  natural  refervoirs,  it  is  fcarcely  to  be  expected  that  this  operation  will 
afford  more  than  a  well. 

In  thefe  cafes  where  no  more  than  a  metre  (yard)  or  two  is  wanting  to  give  the  water 
that  elevation  which  would  produce  a  fountain  fpring,  an  excavation  or  bafon  is  made  to 
the  proper  depth  round  the  pipe,  which  being  fawed  off  affords  a  jet  of  water,  and  fills  the 
bafon,  whence  it  may  be  drawn  off  by  a  bucket,  or  pump. 

The  artelian  wells  are  preferable  in  every  refpect  to  our  wells.  They  are  lefs  expenfive, 
and  the  fupply  of  water  is  more  certain  and  abundant.  In  fac~t,  in  the  common  conftruc- 
tion  of  our  wells,  when  the  workmen  have  arrived  at  the  water,  and  the  fprings  gain  1 
them,  it  becomes  necelTary  (o  fix  the  windlafs,  and  too  frequently  a  well  is  made  which 
fuppties  but  a  moderate  quantity  of  water,  and  is  dry  in  fummer. 

In  this  cafe  there  is  no  remedy  but  to  ufe  the  artefian  procefs  j  that  is  to  fay,  in  order 
to  recover  the  water  in  thefe  dry  wells,  it  is  neceffary  to  perforate  the -bottom,  infert  a 
cylindrical  pipe,  and  proceed  to  feek  for  water  at  a  greater  depth. 

This  method  of  adding  to  the  depth  of  wells  already  in  existence,  and  affording  a  fcanty 
fupply  of  water,  is  due  to  an  inhabitant  of  Thuringta.  The  oeconomica!  fociety  of 
Lcipiic  in  its  Collection  of  Memoirs  (Semeftre  St.  Michel  1785)  has  published  this  procefs. 
One  of  its  members,  who  had  a  well  which  had  become  dry,  applied  the  artefian  procefs 
with  great  fuccefs.  The  author  fpeaks  of  this  method  as  capable  of  fpecdily  affording  a 
large  quantity  of  water,  as  of  great  utility  in  a  camp  or  fortrefs ;  and  when  the  waters  near 
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the  furface  are  not  or  a  good  quality,  this  is  the  belt  method  of  proceeding  in  fearch 
of  better  at  a  great  depth,  as  Cit.  Dufour  has  done  in  the  well  which  forms  the  fubject 
of  the  prefent  obfervation. 

After  the  well  in  queftion  had  been  emptied,  C.  Dufour  bored  the  bottom,  and  placed  a 
pipe  of  ten  feet  in  the  hole.  This  depth  was  fufficient  to  pals  through  the  bed  of  mephi- 
ttzed  earth,  and  reach  the  lower  body  of  water,  which  being  thus  infulated  by  the  cylinder, 
rifea  pure  into  the  body  of  the  pump,  which  is  fixed  for  that  purpofe. 

1  have  thought  it  ufeful  to  give  publicity  to  this  lad  procefs,  more  efpccially  with  regard 
to  Paris,  where  the  Decenaries  and  drains  have  fucceOively  infected  the  ground  by  their 
bad  conftruftion,  and  rendered  a  great  number  of  welts  ufelefs.  This  method  appears  to 
be  the  only  one  capable  of  remedying  this  inconvenience,  and  refloring  the  utility  of  thefe 
ibandoned  wells. 

I  fiioutd  reproach  myfelf  for  not  entering  into  a  longer  detail  reflecting  thefe  arteuan 
wells  and  fountains,  on  account  of  the  preference  they  defcrve  over  our  ordinary  wells,  by 
tlie  advantages  they  prefent.  But  knowing  that  my  colleague  C.  GiUet  Caumont  poueffes 
very  interefting  facts  refpetting  them,  I  have  invited  him,  and  he  has  promifed  the  Society 
to  extract  from  a  work  undertaken  on  this  object,  whatever  may  relate  to  its  rural  and 
(economical  ufes,  and  to  publifh  it  *. 


llemoir  en   feverd    newly    difcavered   Properties  of  phofpkorated  Hydrogen   Gas.    By 
Citizen  Raymond,  Profejfor  of  Chemiflry  at  the  Central  School  of  the  Department  of 

the  Ardiche. 
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X  ROM  the  quantity  of  water  and  gas  winch  I  had  at  firfl  attempted  to  tliiTolve,  as  welt 
as  from  the  exptofions  which  took  place  the  inilant  the  bottle  was  unftopped,  1  was  certain 
that  the  diftilled  water  could  not,  at  a  temperature  of  twelve  degrees,  duTolve  an  equal 
volume  of  phofphorated  hydrogen  gas.  In  the  fecoml  experiment,  therefore,  I  had  the 
precaution  to  fill  tlie  decanter  only  one  third  with  the  above  gas ;  after  which  I  fliook  the 
mixture  feveral  times,  in  order  to  facilitate  the  combination  cf  the  gas  with  the  water,  and 

•  It  is  at  preienl  a  common  praftice  in  London,  fines  the  general  introduction  of  the  fleam  engine  into 
priyatc  manufactories,  to  link  a  well,  below  the  ftratum  containing  the  furface  water,  into  a  quickfand,  where 
plenty  of  foft  water  it  met  with.  The  artefian  procefs  undoubtedly  deferves  to  be  better  known  from  it* 
limpiicity,  chtapnelt,  am!  oilier  good  qualities.  Dr.  Darwin  hat  defcribed  a  fomewhat  fimilar operation  in 
lire  Philof.  Trajif.  Vol.  LXXV.  t,  and  in  tlie  lame  work,  Vol.  LXXIV.  may  be  feen  the  Account  of  the 
King's  Wells  at  Harwich,  by  Tho,  Hyde  Page,  Efq.  and.  Mr.  Vulliamy's  overflowing  well,  in  our 
journal  II.  »?(S. — N. 
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at  the  f.ime  time  to  make  the  union  as  complete  as  poffible.  I  then  undopped  the  de- 
canter, and  inverted  it  in  a  fmall  tub,  full  of  newly  diililled  water,  to  afcenain  whether  it 
would  be  entirely  filled  with  this  water,  by  the  mere  prefiure  of  the  air,  and  that  I  might 
alfo  by  this  means  be  enabled  to  jud/e  whether  the  whole  of  the  gas  had  become  liquefied. 

I  accordingly  faw  that  a  portion  of  the  water  in  the  tub  was  fuddeniy  preffed  into  the 
decanter,  but  not  fo  much  as  to  fill  it  entirely,  which  (hewed  that  fome  of  the  gas  ftill 
remained  uncombincd  with  the  water.  I  next  made  trial  of  the  abforbed  gas  by  palling  a 
few  bubbles  through  the  liquid,  which  took  fire  by  contact  of  the  external  air,  and  thus 
proved  that  the  phofphorated  hydrogen  gas  had  not  been  at  all  decompofed  either  by  the 
agitation,  or  by  its  contact  with  the  diililled  water;  whereas  it  fpeedily  lofes  its  high  de- 
gree of  combudibility,  when  collected  in  veflels  filled  with  undifUlled  water,  or  with 
water  that  had  been  diddled  for  a  length  of  time.  This  effect  I  attribute  to  the  quantity 
of  air  held  in  folution  by  common  water,  the  oxygen  of  which  coming  in  contr.it  with  a 
portion  of  phofphorus  feparares  it  from  the  hydrogen,  by  converting  it  into  phofphoreui 
oxide,  which  being  perfectly  infoluble,  is  depofited  on  the  infide  of  the  glafs,  without 
affording  any  perceptible  corabuflion  tn  this  kind  of  oxidation;  becaufe  the  oxygen  of  the 
aimofpheric  air,  which  partakes  of  the  liquidity  of  water,  being  thus  deprived  of  a  great 
part  of  the  caloric  and  light  combined  with  it,  during  its  aerial  aggregation,  cannot  pro- 
duce both  thofe  effects  in  a  perceptible  manner,  when  it  pafTes  from  one  combination  to 
another  in  this  date  of  liquid  aggregation. 

Having  again  fhaken  the  decanter,  afrer  doling  its  mouth,  I  fucceeded  by  means  of  the 
fmall  quantity  of  water  which  had  entered,  and  of  which  I  kept  an  accurate  account  in 
obtaining  the  abforption  of  the  reft  of  the  gas;  for  on  opening  the  veffel  again,  it  foon 
became  entirely  filled  with  water.  Hence  I  may  venture  to  affirm,  from  the  diverfified 
trials,  as  well  as  from  feveral  others  which  I  fhall  pafs  over,  that  water  which  has  been  de- 
prived of  its  air  by  didillaiion,  is  capable  of  difTolving  and  liquifying  at  the  ordinary  tem- 
perature, rather  lefs  than  one  fourth  of  its  bulk  of  phofphorated  hydrogen  gas,  and  that  by 
this  proportion  it  is  completely  faturated. 

This  folution,  prepared  according  to  the  above  directions,  and  preferved  from  the  con- 
tact of  air,  has  always  exhibited  the  following  properties  :  its  colour  is  nearly  fimilar  to 
that  of  roll  brim  done,  though  in  general  pale.  Its  fmell  is  ftrong  and  difagreeable,  and 
its  tade  extremely  bitter,  though  infipid  and  naufeous. 

On  examining  this  folution  in  the  dark,  it  did  not  appear  in  the  lead  luminous,  a  proof 
that  the  phofphorus  had  intimately  combined  with  the  hydrogen, 

When  diftilled  in  a  fmall  retort  with  the  pneumato-chemical  apparatus,  a  little  below 
the  temperature  of  boiiing  water,  and  particularly  if  fubmitted  when  recently  prepared,  it 
afforded  a  confiderable  quantity  of  phofphorated  hydrogen  gas,  equally  pure  and  combuf- 
tible  as  that  obtained  by  heating  cauftic  alkalies,  or  quick  lime  with  phofphorus,  and  the 
addition  of  a  fmall  quantity  of  water.     What  remained  in  the  retort  after  the  dtfengage- 
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mentof  the  gas  had  entirely  ceafed,  was  nothing  but  pure  water,  without  fmell,  tafte,  or 
colours  and  in  every  refpect  fimilar  to  lhat  newly  u"i(l tiled. 

When  expofed  to  the  air  of  the  atmofphcre,  it  foon  depofited  a  remarkable  quantity  of 
red  oxide  of  pbofphorus,  and  at  the  fame  time  emitted  fome  hydrogen  gas,  but  whieh  was 
no  longer  fufceptible  of  inflammation,  except  by  the  contact  of  an  ignited  body.  By 
keeping  the  folution  expofed  to  the  air  for  a  length  of  time,  and  oecafionally  increaGng  or 
renewing  the  points  in  contact  by  a  gentle  agitation,  it  becomes  completely  decompofed,  or 
in  other  words,  it  refolves  itfelf  entirely  into  phofphoreous  oxide,  and  pure  hydrogen  gas. 

The  tinctures  of  turnfol  and  violets  do  not  undergo  any  change  in  their  colour  by  con- 
tact with  the  liquid  phofphorated  hydrogen,  a  proof  that  this  fluid  is  neither  acid  nor 
alkaline. 

The  fulphuric  and  nitric  acids,  and  the  muriatic  acid  either  fimple  or  oxygenated,  on 
being  added  to  this  liquor,  produced  no  remaikablc  effect ;  neither  did  the  application  of 
potaQi,  foda,  nor  ammonia: 

The  oxydes  of  mercury  and  lead  were  fpecdily  reduced,  and  immediately  converted  into 
metallic  phofphurets,  by  their  mixture  with  the  folution  of  phofphorated  hydrogen  gas. 

When  poured  into  the  nitrate  of  ftlver  this  folution  in  It  ant!  y  produces  a  black  precipitate 
in  great  abundance,  which  does  not  change  its  colour,  and  which  before  the  blow  pipe 
exhibits  all  the  characters  of  metallic  phofphurets. 

When  brought  into  contact  with  the  nitric  folution  of  mercury,  it  alfo  produced  a  very 
confiderable  precipitate  in  great  abundance,  which  is  at  firft  black,  but  foon  becomes  white 
and  cryftallized,  in  proportion  as  it  paffes  from  the  ftate  of  phofphuret  to  that  of  the  mer- 
curial phofphate,  by  abforbing  oxygen  either  from  the  nitric  acid  in  which  it  takes  place, 
or  the  atmofpheric  air  with  which  k  is  in  contact. 

The  folution  of  lead  by  the  nitric  acid  is  likewife  decompofed  by  the  hydro -phofphorated 
liquor,  but  with  lefs  activity  than  the  folutions  of  filver  and  mercury.  In  this  decompo- 
lition  fome  phofphuret  of  lead  is  alfo  produced)  which  in  time  becomes  converted  into 
phofphate. 

The  fulphate  of  copper  alfo,  after  a  certain  time,  exhibits  a  confiderable  quantity  of 
black  precipitate,  when  a  portion  of  phofphorated  hydrogen  gas  is  added  to  the  folution. 
This  precipitate,  like  that  obtained  by  the  decomposition  of  the  nitrate  of  filver,  retains  its 
black  colour;  which  feems  to  (hew,  that  it  cannot  without  great  difficulty  be  converted 
into  phofphate. 

The  fulphate  of  iron  did  not  appear  to  be  affected  by  this  liquid. 

Nitrate  of  arfenic,  when  poured  into  this  fluid,  does  not  undergo  any  perceptible  de- 
compolition,  till  the  expiration  of  fevcral  days  ;  but  at  length  a  precipitate  is  generated  of  a 
beautiful  yellow  colour,  in  the  form  of  fmall  grains,  which  is  capable  of  remaining  ex- 
pofed to  the  air  for  a  length  of  time,  without  undergoing  any  change.  This  precipitate 
is  the  arfenical  phofphuret. 

CONCLUSIONS- 
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CONCLUSIONS. 


The  following  arc  the  new  properties  which  I  conceive  I  have  been  die  firft  to  difcorer 
In  the  phofphorated  hydrogen  gas. 

I.  This  gas  is  capable  of  uniting  with  diftilled  water  in  the  proportion  of  about  one- 
fourth  of  its  bulk,  when  the  folution  is  effected  at  about  ten  degrees  of  the  French 
thermometer*. 

a.  It  communicates  to  the  water  in  which  it  is  diftolved  a  (Irong  and  difagrecable  fmeU, 
as  well  as  a  bitter  tafte;  which  may  at  fome  future  period  be  ufed  with  fuccefs  in  the 
treatment  of  various  ditcafes,  either  from  the  facility  with  which  this  preparation  is  de- 
compofed,  or  on  account  of  the  effect  produced  by  the  phofphorus  it  contains,  in  the 
formation  of  animal  fubftances. 

3.  When  water,  purified  of  its  air,  is  ufed  for  the  purpofc  of  diflblving  this  gas,  and 
if,  when  thus  dilfolvcd,  it  is  carefully  prcferved  in  clofely  flopped  refiels,  it  may  be  kept 
for  a  long  time  without  undergoing  decompofition ;  fo  that  by  heating  the  folution,  the 
whole  of  the  phofphorated  hydrogen  gas  which  it  contains  may  be  difengaged  in  the 
gafcous  (late. 

4.  When  water  has  been  by  this  means  deprived  of  the  phofphorated  gas  which  it  had 
difiolvcd,  it  again  returns  to  its  original  ftate  of  purity}  whence  it  follows  that  its  new 
properties  ate  derived  from  the  prefence  of  this  gas  alone. 

Laftly,  this  folution  is  capable  of  fpeedily  reducing  feveral  metallic  oxydes,  whether 
alone,  or  diftblved  by  acids,  and  of  forming  with  them,  by  double  elective  attraction, 
water  and  metallic  phofphurets :  which  combinations  have  only  hitherto  been  obtained 
in  the  dry  way  only,  that  is  to  fay,  by  heating  metals  with  phofphorus,  or  rather  by 
the  decompofition  of  phofphoric  glafs,  or  metallic  phofphates,  by  means  of  metals  and 
carbon. 


Description  of  the  underground  inclined  Plane,    executed  at  Walkdtn  Moor  in  LancaJJiifSt 
by  his  Grat  the  Duke  of  Bridgtwatcr.     By  the  Rev.  Frakcis  Egzrtou  f. 

\_  BEG  leave  to  prefent  to  the  Society  an  account  of  the  under-ground  inclined  plane, 
which  the  Duke  of  Bridgewater  has  lately  made  at  Walkden-Moor,  between  Worlley  and 
Bolton,  in  Lancafhire.  To  this  account  I  have  fubjoincd  two  plans,  with  a  table  of  re- 
ference to  each. 

■  It  is  probable  thai  at  the  temperature  of  zero,  3  greater  quantity  might  be  diffulvcJ  by  the  water*  bat 
for  want  of  1  fuflicitnt  quantity  of  phofphorus,  I  was  not  able  to  afcertain  this  fail. 

+  Extracted  from  the  Tranfafliotis  of  the  Society  for  the  Encouragement  of  Arts,  &c.  for  the  year 
1800.  The  letter  is  addrefled  to  their  fecretary,  ind  the  Society  has  voted  their  annual  gold  medal  to  hit 
Orate. 

At 
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At  Worfley  the  Duke  of  Bridgwater's  navigation  begins;  it  goes  weft  to  Leigh,  and 
call  to  Mnncheftcr,  where  il  locks  up  into  the  Rochdale  canal.  In  its  way  to  Manchcfter, 
it  turns  out,  in  a  weftern  direction,  near  Longford  Btidge,  to  meet  the  Grand  Trunk 
Canal,  above  Prefton  Brook;  and  from  thence  it  goes  north-weft  to  Runcorn,  where  it 
locks  down  into  the  Merfey,  in  the  tide-way  to  Liverpool. 

To  this  navigation  above-ground,  which,  in  all  its  directions,  is  extended  through  a 
length  of  '  forty  miles,  upon  one  level,  without  tunnel  or  lock,  except  the  locks  at  the 
extremities.  At  Worfley,  an  underground  navigation  is  joined,  which  goes  to  the  dif- 
ferent mines  of  coal  under  Walkden-Moor  j  from  which  mines,  by  thefe  navigation! above- 
ground  and  under-ground,  Mancheilcr  and  various  other  places  are  fupplied  with  that 
valuable  article. 

The  canals  of  this  under-ground  navigation  lie  upon  two  levels,  or  (lories. 

The  lower  is  upon  the  fame  level  with  the  open  navigation,  which  it  joins  at  Worfley ; 
and  confifts,  in  the  different  lines  which  it  purfucs  to  the  different  fcams  of  coal,  of  near 
twelve  miles  of  tunnelling. 

The  higher  is  thirty-five  yards  and  a  half  perpendicular  height  above  the  level  of  the 
lower,  and  varies  from  thirty- eight  to  fixty-one  perpendicular  yards  below  the  fur  face  of 
the  earth,  and  confifts  of  near  flx  miles  of  tunnelling. 

The  tunnelling  of  each  level  is  ten  feet  four  inches  wide,  and  eight  feet  fix  inches  deep ; 
and  the  depth  of  water,  three  feet  feven  inches. 

Before  a  communication  was  made  by  an  inclined  plane,  the  coals  were  difcharged  by 
hand  from  the  boats  on  the  higher  level,  and  were  let  down  the  pits  in  tuba  by  an  engine 
and  a  break-wheel  into  thole  upon  the  lower.  To  convey  the  boate  themfelves  from  the 
canals  of  the  higher  level  into  that  of  the  lower,  was  the  intent  of  making  this  under- 
ground inclined  plane.  By  the  help  of  this  machinery,  the  whole  bufinefs  is  now  done  at 
once,  without  difcharging  or  damaging  the  coal,  and  at  one  fourth  of  the  expence  :  for 
the  boats  of  the  higher  level  are  bodily  let  down  the  inclined  plane,  and  arc  floated  from 
the  foot  of  it  through  nearly  three  miles,  in  a  (Irait  line,  of  the  lower  level  canal,  into  the 
open  navigation  at  Worfley  :  and,  whereas  they  were  before  obliged  to  be  drawn  up  to  the 
furface  of  the  earth  at  great  inconvenience  and  expence,  to  be  repaired  at  a  work-fhop  on 
Walkden-Moor,  they  now  come  of  themfelves,  in  their  courfe  of  bufinefs,  to  be  repaired 
at  the  great  dock-yard  at  Worfley. 


•  Parly  milri  upon  one  le-vtl.}  Adding  to  thefe  Forty  mil",  neatly  twelve  mile*  ofthe  Duke  of  Bridge- 
water')  underground  navigable  canal,  which  lie  upon  hit  lower  main  level,  and  including  eighteen  mile ■  of 
the  Grand  Trunk  Canal  betwixt  the  lowcft  lock  between  Middlewich  and  Piefton-Brook,  there  are  feventy 
miles  of  navigable  canal,  without  a  lock,  upon  one  level,  eighty-two  feet  above  low-water  mark  j  whereby 
a  communication  It  obtained  between  London,  Liverpool,  Enitol,  and  Hull.  At  this  lowcft  lock  the 
Grand  Trunk  Navigation  locks  down,  to  be  upon  .1  level  with  the  Duke  of  Bridgewater'i. 
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The  place  where  the  inclined  plane  is  cor.ftru£led,  is  adapted  in  a  Gogular  way  for  the 
purpofe.  There  is  a  bed  of  white  rock,  or  grit,  eight  yards  twelve  inches  deep,  which  dips 
one  in  four,  lying  exactly  in  the  direction  moft  convenient  for  the  communication  between 
the  two  levels ;  which  bed  of  rock  is  hollowed  into  a  tunnel,  driven  upon  the  rife  of  the 
metals,  by  blading  with  gunpowder,  and  working  it  down  with  wedges  and  hammers.  In 
this  tunnel,  formed  through  a  rock  reaching  from  the  lower  to  the  higher  level,  the  in- 
clined plane  is  fixed;  and,  by  its  being  in  the  heart  of  a  rock,  the  whole  workmanfhip 
can  be  pinned,  fecured,  and  compacted  together  at  the  top,  bottom,  and  fides,  moft  ef- 
fectually:— an  advantage  which  no  inclined  plane  above-ground  can  have,  and  which  ren- 
ders this  a  Cngular  production,  no  where  perhaps  to  be  imitated. 

The  run  of  the  inclined  plane  is  one  hundred  and  fifty-one  yards,  befides  eighteen  yards, 
the  length  of  the  locks,  at  the  north  or  upper  end  :  and  the  fall  is  one  in  four,  correfpond- 
ing  with  the  dip  of  the  rock. 

Of  thefe  one  hundred  and  fifty-one  yards,  about  ninety-four  yards  are  formed  into  a 
double  waggon-Way,  in  order  to  let  two  boats,  namely,  the  empty  and  the  loaded  boat, 
pafs  up  and  down  ;  and  are  divided  by  a  brick  wall,  fupporting  the  roof,  in  which  are 
openings  for  a  perfon  to  efcape  out  of  the  way  of  the  boats;  which  double-waggon  way 
joins  in  one,  about  Gfty-feven  yards  from  the  lower  level. 

The  whole  width  of  the  double  waggon-way  is  nineteen  feet ;  and  of  the  Cngle  waggon- 
way,  after  the  junction,  ten  feet. 

Thefe  waggon-ways  arc  fupplied  with  iron  rails,  or  gullies,  laid  on  fleepers,  down  the 
whole  run ;  and  the  height  of  the  roof,  above  the  iron  rails,  is  eight  feet. 

At  the  top  of  the  inclined  plane  there  is  a  double  lock,  or  rather  two  locks,  fide  by  fide, 
formed  in  the  heart  of  the  fame  rock,  which  deliver  the  loaded  boats  from  the  higher  level 
down  the  inclined  plane,  and  receive  the  empty  boats  from  the  lower.  The  length  of  that 
part  of  the  tunnel  in  which  thefe  are  formed,  is  eighteen  yards  j  the  width  or  diameter, 
twenty  feet  fix  inches;  and  the  height  of  the  roof,  at  the  north  end  and  above  the  locks, 
at  d  d,  Plate  XX!.  Fig.  i.  twenty-one  feet,  to  admit  the  break-wheel. 

The  bottom,  or  fouthend  of  the  inclined  plane,  is  fix  feet  nine  inches  under  the  fur  face 
of  the  water,  where  the  loaded  boat  floats  off  the  carriage  upon  the  canal  of  the  lower  level. 

The  depth  of  the  locksj  under  water,  at  the  north  end,  is  four  feet  fix  inches ;  at  the 
fouth  end  it  is  eight  feet. 

The  wall  between  the  locks  is  nine  inches  above  the  furface  of  the  level  water;  its 
breadth  is  three  feet. 

The  diameter  of  the  horizontal  main  fhaft,  upon  which  the  rope  works  to  let  the  loaded 
boats  down,  and  to  draw  the  empty  boats  up,  is  four  feet  eleven  inches,  and  its  circum- 
ference is  fifteen  feet  five  inches.  The  main-rope  is  two  inches  and  a  half  in  diameter, 
andfeven  inches  and  a  half  in  circumference.  It  is  lapped  round  with  a  fmall  cord  of 
about  an  inch  in  circumference,  for  the  length  of  about  one  hundred  and  five  yards,  to 
prevent  its  wearing,  which  it  does  chiefly  when  it  drags  upon  the  bottom,  when  at  work, 
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at  the  place  where  the  waggon-ways  unite  j  and,  for  the  fame  purpofe,  rollers  of  eight 
inches  diameter  are  fixed  at  intervals  down  the  run  of  the  inclined  plane.  Moreover,  » 
hollow  cafl-iron  roller  of  eight  inches  and  a  half  diameter  is  fixed  acrofs  the  weft  lock, 
parallel  to  the  upper  weft  lock-gate,  and  near  the  north  end  of  the  lock,  bat  half  a  yard 
higher  than  the  gate,  in  order  to  bear  up  the  rope,  and  to  prevent  it  from  fwaggtng. 

A  ho[d-faft  rope  is  faftened  to  the  main-rope,  to  ftay  each  boat  upon  its  waggon,  as 
they  go  up  cr  down.  It  is  marked  1 1,  in  Fig.  2,  Plate  XXI.  and  its  ufes  are  more  particu- 
larly detailed  in  the  tabic  of  reference,  at  t  i,  to  that  plate. 

Upon  this  horizontal  main-fhaft  is  a  break-wheel  above  mentioned,  which  regulates  the 
motion  of  the  loaded  boat  going  down  the  Inclined  plane. 

The  number  of  iron  teeth,  or  cogs,  in  the  fpur-wheel,  which  is  faftened  to  the  fide  of 
the  break- wheel,  is  three  hundred  and  feventy-two  j  and  the  little  nut-wheel,  Ne.  3, 
Fig.  4.  which  fets  it  in  motion,  contains  eleven  teeth,  or  cogs-  The  nut-wheel  is  fup- 
ported  by  two  uprights  from  the  pillar  to  the  roof,  and  works  between  them.  Two 
winches  cr  handles,  No.  4  4,  Fig.  4.  on  its  axis,  put  the  maln-Ihaft,  d  d,  Fig.  %.  or 
A'o.  1,  Fig.  4.  in  motion.  The  power  of  both  united  enables  a  man,  who  ufes  a  force 
equal  to  forty  pounds  weight,  to  fet  forward  two  tons  upon  the  waggnn-road  1  and  this 
force,  multiplied  at  the  winches  or  handles,  may  be  ufed  to  fet  forward  the  loaded  boat 
out  of  one  lock,  and  to  bring  the  empty  boat  into  the  other.  The  boats  being  thus  put  in 
motion,  the  little  nut-wheel  is  difengaged  from  the  ma'in-fhaft,  by  a  Aide  drawing  the 
little  nut  fideways,  fo  as  to  difengage  the  teeth,  or  cogs,  from  the  cogs  of  the  fpur-wheel. 
The  weight  of  four  tons  going  down  bring  up  about  one. 

The  fpur-wheel,  however,  which  is  faftened  to  the  break-wheel,  iVa.  2,  Fig.  4.  is 
feldom  ufed,  as  it  is  occasionally  only  put  in  motion  to  regulate  the  flretch  of  the  ropes 
when  new,  and  to  draw  the  light  boat  into  the  lock,  when,  at  any  time,  it  may  happen  to 
be  over-weighted  with  materials,  fuch  as  mortar,  props,  (labs,  &C.  for  the  ufe  of  the 
higher  level  collieries,  and  will  not  move  of  itfclf,  upon  1  balance,  out  of  the  lower  level. 

The  length  of  the  carriage,  or  cradle,  is  thirty  feet  •,  its  width  is  feven  feet  four  inches. 
It  moves  upon  four  folid  caft-iron  rollers,  which  run  upon  caft-iron  plates ;  on  one  fide  of 
each  of  which  there  are  iron  crefts,  which  (land  two  inches  higher  than  the  plates,  and 
prevent  "the  carriage  from  running  off  the  road. 

The  weight  of  neat  coal,  contained  in  the  loaded  boat,  is  about  twelve  tons :  the  boat 
weighs  about  four  tons;  and  the  carriage,  or  cradle,  in  which  ihe  boat  is  placed,  when 
conveyed  down  the  inclined  plane,  is  about  five  tons :— "m  all  about  twenty-one  tons. 

At  this  inclined  plane  thirty  loaded  boats  are  now  let  down,  with  e.-.fe,  in  about  eight 
hours;  that  is  to  fay,  four  boats  are  let  down  in  a  little  more  than  an  hour.  The  boats 
ufed  in  thefe  collieries  are  of  different  fizes  and  dimenGons  ;  fome  will  carry  feven,  fome 
eight  and  a  half,  fome  twelve  tons. 

The  weight  of  neat  coal,  independently  of  the  weight  of  the  carriage  and  boats  which  is 
let  down  the  inclined  plane,  in  twelve-ton  boats,  in  eight  hours,  will  consequently  be  three. 
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hundred  and  Gxty  tons.  The  weight  of  the  carriage,  fuppofe  fire  tons,  let  down  in  the 
fame  time,  will  be  one  hundred  and  fifty  tons ;  and  the  weight  of  the  boat,  fuppofe  four 
tons,  thirty  times  down,  in  eight  hours,  will  be  one  hundred  and  twenty  tons : — in  all  fix 
hundred  and  thirty  tons  down  in  eight  hours. 

The  weight  of  the  carriage  thirty  times  up,  and  thirty  boats  up,  in  eight  hours,  will  he 

Carriage,  at  5  tons,  30  times  up  =  tjo  tons 

Boad         at  4  tone,  30  times  up  =  no  tons 

In  all        270  tons 
up  in  eight  hours. 
So  that  there  will  be  630  Ions  down 
270  tons  up 


In  all  900  tons  moved  at  the  inclined  plane,  in  S  hours,  exdufive  of  an 
indeterminate  quantity  of  materials  occafionally  brought  up  for 
the  ufe  of  the  higher  level  collieries. 

The  various  feeders  which  are  loofened  by  opening  the  coals  in  the  higher  level  collie- 
ries, as  well  as  three  fujlicient  refcrvuirs,  which  may  occafionally  be  rcfortcd  to,  and  ufed 
in  a  dry  feafon,  keep  the  higher  level  always  to  its  height,  and  afford  a  con  ft  ant  fupply  of 
water  to  fill  the  locks,  for  the  purpofe  of  working  the  inclined  plane. 

This  inclined  plane  was  begun  in  September,  1795;  it  was  finifhed,  and  in  ufe,  in 
October,  1797. 

Of  this,  as  of  mod  of  his  other  great  works,  the  Duke  of  Bridgewater  was  himfelf  the 
planner  and  contriver: — to  project  greatly,  and  to  execute  completely,  are  the  perfection 
of  genius. 

The  Angularity  of  the  place  in  winch  it  is  conftructed  ;  the  original  boldnefs  of  the  dc- 
fign  i  the  ingenuity  and  mechanifm  difplayed  in  planning  and  executing  it;  the  difpatch 
with  which  it  has  been  finifhed  ;  the  fimplicity,  beauty,  and  harmony  of  its  parts,  tending 
to  one  united  whole ;  and,  above  all,  the  perfection  to  which  it  is  proved  to  have  been 
brought,  now  that  it  is  practically  in  ufe ;  render  it  equally  aftonifliing  with  any  other  of 
the  ftupendous  works  which  have  been  fo  ably  planned,  and  fo  fuccefsfully  executed,  by 
the  fir  it  projector  and  patriotic  father  of  inland  navigation. 


1  have  the  honour  to  be,  &c. 


Fhancis  H,  Egerton. 


Beidgewatcr-Houfe,  March  5,   1800. 
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Rtfertnce  to  Plate  XXI.  being  a  Plan  and  Scflioit  of  his  Grace  McDvKE  or  Dridgewater'» 
Under-ground  Inclined  Plane,  at  WaMcn*  Moor  Colliery,  near  Worjlcy,  in  Lancajhire. 

Figure  2. 

a  to  b,  Dip  of  the  metals  and  waggon-road  on  tlic  under-ground  inclined  plane.  From 
.'',  on  the  lower  level,  to  the  mouth  of  the  tunnel,  is  three  miles. 

A,  The  eaft  lock. 

B,  The  weft  lock. 

C,  Reprelents  3  fedtion  of  the  lock ;  the  dotted  line  (hows  the  horizontal  depth,  aud  the 
black  line  under  it,  the  dope  upon  which  the  waggon-whecis  run  to  receive  the  loaded 
boat,  or  to  bring  the  empty  boat  into  the  lock. 

dd,  The  main-fhaft,  four  feet  eleven  inches  diameter,  upon  which  the  ropes  work  to 
Wind  the  boats  up  and  down  ;  and  here  alfo  the  break-wheel  is  fattened  on,  together  with 
a  fpur-wbeel,  and  a  nut-wheel.    See  Fig.  4.  No.  1. 

e,  A  paflage  betwixt  the  higher  level  and  the  locks. 

ff,  A  loaded  boat  going  down,  and  an  empty  boat  going  up  the  under-ground  inclined 
plane. 

G,  A  brick  wall  from  the  fole  to  the  top  of  the  inclined  plane,  in  order  to  give  addi- 
tional fupport  to  the  roof. 

hhhb,  Openings  through  the  brick  wall  G,  into-  which  a  perfon  may  ftep  out  of  the 
way  of  the  boats,  at  the  time  they  are  palling  up  and  down. 

t,  A  bell,  which  is  rung  by  the  rope  dotted  to  6,  upon  the  lower  level,  at  the  bottom  of 
the  under-ground  inclined  plane,  to  give  notice  when  the  empty  boat  is  upon  the  waggon, 
or  cradle,  and  when  the  men  below  are  ready,  that  the  loaded  boat  may  be  let  down  by 
the  men  above. 

it,  Hold faft- ropes  fattened  to  the  main-ropes,  and  hooked  on  to  a  ring  at  the  foutli 
end  of  each  boat,  as  it  goes  up  or  down,  in  order  to  ftay  the  boats  upon  the  waggon  or 
cradle,  that  they  may  not  fwag,  or  flip  off.  Thefe  holdfafl-ropes  are  fpliced  on  to  the  end 
of  the  matn-ropes,  and  run  above  and  between  the  two  bridle-ropes  when  they  are  fattened 
to  the  iron  uprights,  which  are  upon  each  fide  of  the  waggons,  or  cradles :  aud  they  run 
over  the  north  end  of  the  boat,  to  be  hooked  on  to  the  fouth  end. 

'/,  The  bridle- ropes  fattened  to  the  ma  in- ropes  at  O,  and  ft:  cured  to  two  iron  upright* 
upon  each  fide  of  the  waggon,  or  cradle. 

O  O,  The  places  where  the  main-ropes,  the  bridle-ropes,  and  the  holdfatt-ropca,  are 
fattened  all  together. 

No,  1.  An  open  fpace  driven  into  the  fide  of  the  lock  A,  to  which  a  pic  is  funk  from 
the  higher  level,  in  order  to  convey  the  water  out  of  the  locks  down  to  the  lower  level, 
and  alfo  to  force  a  current  of  frefh  air  into  the  lower  level  collieries. 

jRi  No.  2. 


4Q»  Duir  of  Bridge-watt*' s  underground  inclined  Plant. 

N*.  l.  A  paddle  to  let  the  water  out  of  the  lock  A,  into  the  pit  No.  i. 

No.  3.  A  paddle  to  lei  the  water  out  of  the  lock  Bt  through  a  culvert,  reprefented  by 
dotted  lines,  under  the  lock  J,  into  the  pit  No.  I. 

No.  7,  7.  Paddles  in  the  lock-gates,  to  let  the  water  out  of  the  higher  level  into  the 
locks. 

Ne.  8,  8.  The  two  north  lock-gates,  one  to  each  lock,  which  turn  upon  the  heels  of 
the  gates,  and  fwing  round  when  they  are  opened  or  fhut. 

No.  10,  10.  Two  (tops  or  doughs,  one  to  each  lock,  which  fcrve  as  lock-gates  to  the 
fouth  end,  and  are  raifed  and  let  down  by  a  wjndlafs. 

&,  A  flop,  which  is  ufed  occafionalty  when  the  lock-gates  want  repairing. 

T,  The  place  where  the  boats'  which  are  to  pafs  to  or  from  the  lower  fingle  waggon-way 
are  directed,  at  pleafnrc,  into  either  part  of  the  double  waggon-way,  by  a  moveable  iron 
fleeper  or  plate  at  that  point,  upon  which  Deeper  or  plate  the  wheels  of  the  boat-carriage  or 
cradle  run. 

Table  of  Reference  to  Plate  XXI.  Fig.  4,  of  h;i  Grate  the  Duke   or  Brjugewates's 
Underground  Inclined  Plant,  at  Waliden- Moor  Colliery,  near  Warftey,  in  Lariatf/ire. 

t.  Main-fhaft,  on  which  the  rope  laps. 

2.  Break-wheel,  on  one  fide  of  which  the  fpur-wheelis  fattened. 

3.  Nut-wheel,  out  of  geer,  but  which  Bides  into  the  fpur-wheel,  when  ufed  to  draw  the 
empty  boat  into  the  lock  occafionally,  and  which  is  fupported  by  two  uprights  from  the 
pillar  to  the  roof, 

4.  4.  Winches  or  handles,  to  work  !he  nut  and  fpur-wheel. 

e»  5.  The  main-ropes  faftened  to  the  boats,  and  which  arc  lapped  to  prevent  their 
wearing. 

6.  The  fpur-wheel,  which  is  fattened  on  one  fide  of  the  break-wheel;  and  on  which 
break-wheel  is  a  ftrong  iron-jointed  timber  brace,  which,  according  to  the  preiTure  given 
thereto  by  the  man  who  attends  ir,  will  allow  the  loaded  boat  to  defcend  quick  or  flow,  0* 
detain  it  in  its  paflage. 

7.  7.  Paddles  in  the  lock-gates,  to  let  the  water  out  of  the  higher  level  into  the  lock. 

8.  A  hollow  caft-tron  roller,  to  prevent  the  main-ropes  from  fwagging. 

9.  Shroud-wheel,  to  prevent  the  ropes  going  over  the  end  of  the  main-Oiaft,'  (lipping  of£ 
jerking,  or  breaking.     This  (lands  three  inches  above  the  main-lhafr. 


'  Waitt  fj  laUralABiei 


Concerning  the  Engine  for  raifing  Water  by  the  lateral  Communication  of  Motion*     In  a 
Letter  from  the  Inventor,  Mr.  William  Close. 


S  1  R, 


To  Mr.  NICHOLSON. 


Daltorii  fai. 


18O1. 


OlNCE  the  date  of  my  fecond  letter  on  railing  water  by  the  lateral  communication  of 
motion,  I  have  occalionally  turned  my  thoughts  to  the  fubject,  and  made  fome  improve- 
ment in  the  plan  of  the  apparatus  for  producing  a  feries  of  elevations,  which  I  (hall  com- 
municate in  the  prefent  letter. 

The  height  to  which  the  lateral  communication  of  motion  will  caufe  the  preffure  of  the 
atmofphere  to  raife  water  in  one  column,  depends  upon  the  height  of  the  water  in  the 
refervoir  above  the  conical  tube.  When  the  height  of  the  charge  is  five  feet,  the  (trailed. 
diameter  of  the  conical  tube  equal  to  fix  inches,  and  its  other  dimenfions  adapted  to  the 
preffure  ;  the  extent  of  the  column  may  be  eftimated  at  eleven  feet.  Under  finiilar  ctr- 
cumftances,  when  water  is  to  be  raifed  to  the  height  of  twenty-three  feet,  the  following 
method  may  be  purfued. 

Raife  the  water  four  times  by  the  preffure  of  the  atmofphere,  through  four  vertical 
tubes,  each  rifing  to  the  height  of  feven  feet  and  an  half  above  the  brim  of  the  ciftern 
from  which  it  is  to  receive  water,  as  is  reprefented  in  Fig.  3,  PI.  XIII.  When  the  charge 
of  the  refervoir  is  five  feet,  it  will  be  of  no  ufc  to  make  the  tubes  much  longer  than  feven 
feet  and  an  half,  as  the  afecnt  through  the  fpaee  above  will  be  flow,  and  the  ex  tendon  of 
the  elevation  in  this  way  will  feldom  compenfate  for  the  lofs  of  time. 

Fig.  1,  in  PI.  XXI.  reprefents  the  firft  vefl'el  above  the  refervoir ;  C  part  of  the  water 
tube,  and  E  part  of  the  nit  pipe  which  leads  to  the  conical  tube. 

Let  the  air  pipe  E  be  made  four  times  the  width  that  would  be  required  for  the  elevation 
of  one  column,  and  let  the  valve  reprefented  by  m  be  adopted  to  its  top. 

The  air  pipe  reprefented  by  G  Ihould  be  made  wide  for  this  veffel  ;  in  all  thofe  above 
it  may  be  omitted. 

Into  the  top  of  the  vefl'el  D  infert  three  fmall  air  pipes  OPQ,  and  carry  each  of  them 
to  a  different  velTel  on  the  top  of  a  water  tube.  The  length  of  each  of  thefe  above 
the  ciftern  from  which  it  is  to  raife  a  column  of  water,  mull  rather  ciceed  the  length 
of  the  loweft  rarefying  tube  above  the  lowed  refervoir.    They  will  require  no  valves. 

When  the  reft  of  the  apparatus  is  completed  upon  the  principles  before  laid  down,  the 

lateral  communication  of  motion  will  rarefy  the  air  equally  in  all  its  parts,  and  the  water 

will  afcend  through  all  the  vertical  tubes,  into  and  nearly  fill  the  veffcls  upon  their  tops. 
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But  before  ii  quite  reaches  the  tops  of  the  tubes  O  P  Q,  it  will  begin  to  defcend  in  a  full 
ftream  through  the  loweft  rarefying  lube  E,  which  is  the  fhorteft:  the  lateral  action  now  ceafing 
to  rarefy  the  air,  the  water  will  rife  no  higher,  but  will  remain  at  the  fame  elevation  above 
each  of  the  citterns,  until  the  external  valves  ihall  open-  After  this  the  valve  m  will  clofe 
the  end  of  its  tube,  and  prevent  the  diminution  of  the  jet ;  the  air  from  without  will  enter 
the  loweft  veffel  D,  through  the  tube  G;  part  of  it  will  afcend  from  this  veffel  through 
the  empty  branches  O  P  Qj>f  the  rarefying  tube  into  the  veffels  above  ;  and  at  the  fame 
time  the  raifed  water  will  How  out  of  all  the  veffels  into  different  ciftenis. 

If  all  the  veffels  are  connected  together  by  their  air  pipes,  inftead  of  each  being  con- 
nected to  the  loweit,  the  fame  equality  of  action  will  take  place.  In  both  cafes,  as  the 
elevation  of  the  water  in  each  of  the  tubes  muft  correfpond  with  the  degree  of  rarefaction 
in  the  air  before  it  can  begin  to  afcend,  it  is  evident  that  the  tubes  will  all  be  full  at  the 
fame  time,  although  they  may  contain  columns  of  unequal  height,  when  the  air  begins  to 
rarefy :  the  imperfection  of  one  or  two  of  the  valves  to  the  water  tubes  can  therefore  be 
attended  with  little  inconvenience. 

If  the  air  pipes  were  feparately  connected  with  the  conical  tube,  fame  of  the  veffels 
might  be  filled  with  water  before  others :  this  inequality,  indeed,  might  be  removed  by 
bringing  all  the  tubes  into  one ;  but  in  either  cafe,  if  the  external  valves  were  to  remain 
too  long  clofe,  the  raifed  water  would  defcend  through  the  air  pipes,  and  wafte  rapidly 
from  feveral  citterns  at  once-  The  arrangement  that  has  been  recommended  will  be  free 
from  this  inconvenience,  however  long  the  valves  may  remain  fliut. 

By  proportioning  the  widths  of  the  water  tubes  and  the  capacities  of  the  veffels  upon 
their  tops,  it  will  be  eafy  to  raife  a  little  more  water  into  the  fivft  ciftern,  than  will  be 
delivered  info  the  fecond  ;  and  a  little  more  into  the  fecond,  than  will  be  carried  into  the 
third  ;  and  fo  on,  in  order  to  prevent  any  of  the  lower  citterns  from  becoming  empty  of 
raifed  water.  The  wafte  thus  incurred  will  be  very  inconfiderable.  If,  however,  more 
water  fliould  be  raifed  into  any  of  the  higher  citterns  than  thofe  below  can  long  afford,  it 
it  will  be  proper  to  make  part  of  it  defcend  through  cubes  for  the  purpofe,  and  replenish 
the  lower  ones. 

As  the  jet  will  bear  the  admiffion  of  fome  air  without  diminution,  it  is  not  neceffary 
that  the  valve  in  mould  perfectly  clofe  the  end  of  the  air  tube :  if  it  did,  it  would  not  be 
eafy  to  open.  When  a  cock  is  ufed  inftead  of  this  valve,  it  muft  be  fixed  in  the  tube  at 
fome  depth  below  the  furface  of  the  water  in  the  refervoir,  and  a  weight  hung  upon  an 
arm  or  lever  proceeding  from  it,  to  keep  open  the  pafTage  through  the  tube.  This  weight 
will  alfo  ferve  to  counterbalance  the  empty  veffel  which  contains  the  fyphon,  and  opens 
the  valves.  A  cock  can  be  attended  with  little  inconvenience  in  this  Ctuation:  if,  after 
long  continued  ufe,  a  little  water  ihoukl  be  admitted,  it  will  caufe  no  perceptible  diminu- 
tion of  power. 

A  fecond  and  third  feries  of  elevations  may  be  caufed  by  connecting  more  air  pipes  with 
the  conical  tube  ;  but  as  the  introduction  of  fo  many  pipes  into  the  throat  would  diminifh 
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its  width,  and  greatly  retard  the  expenditure,  it  will  be  belt  to  introduce  them  all  through 
holes  made  in  the  circumference  of  the  tube,  and  to  take  off  their  ends  even  with  its  hi  fide. 
When  water  is  thus  raifcd  in  an  additional  number  of  columns,  the  water  tubes  mould 
be  mads  dill  fhorter  than  was  recommended  before,  and  to  prevent  the  water  which  is 
raifcd  by  the  fecond  feries  from  being  wafted,  the  rarefying  tubes  fhould  be  carried  up  to 
fuch  height  above  each  veflel,  that  the  column  may  counterbalance  the  active  preflurc  of 
the  atmofphere  before  it  arrives  at  the  top.  Recourfc  may  be  had  to  this  method  when 
feveral  conical  tubes  are  employed,  as  is  reprefenied  io  Fig.  3,  PI.  XIII.  In  this  laft  cafe, 
however,  it  will  be  unneceflary  to  make  any  addition  to  the  loweft  veflel,  as  the  ex- 
penditure can  only  take  place  from  the  loweft  ciftern. 

In  all  the  arrangements  that  have  been  hitherto  defcribed,  the  dream  through  the  conical 
tube  is  fuffered  to  run  one  half  of  its  time  without  producing  any  ufeful  effect.  It  will, 
however,  be  of  very  great  advantage  to  keep  the  lateral  action  conftantly  in  work  in  rarefy- 
ing the  air  in  different  parts  of  the  apparatus.  The  railed  water  may  then  be  let  out  of 
one  fet  of  veflels  while  it  is  riling  into  another  fet,  and  the  water  that  Hows  out  of  one  de- 
fcending  veffel,  and  has  opened  the  valves  of  the  firft  fet,  may,  by  being  carried  into  a 
/mall  ciftern  a  fecond  time,  and  delivered  from  thence  by  a  fyphon  into  another  defcending 
veflel,  be  made  to  open  the  valves  of  the  fecond  fet. 

As  it  may  fometimes  happen  that  all  the  valves  may  be  half  open,  and  much  air  be  thus 
admitted  into  the  ftream,  it  is  likely  that  cocks  fixed  in  the  rarefying  tubes,  and  placed  in 
water,  would  on  this  occafion  be  preferable  to  valves,  particularly  when  the  rarefying 
tubes  can  be  filled  with  water,  for  then  no  air  can  defcend  into  the  jet.  I  think,  how- 
ever, that  this  can  only  be  neceffary  when  feveral  air  pipes  are  connected  with  the  conical 
tube,  and  the  air  would  enter  the  ilream  on  all  fides. 

In  this  manner  by  the  afiiftance  of  the  lateral  action  of  a  ftream  of  water  through  one 
conical  tube,  and  the  preflure  of  the  atmofphere,  an  ufeful  quantity  of  water  may  bo 
raifcd  to  a  confidence  height. 

I  am,  SIR, 

Your  humble  fervant, 


WILLIAM  CLOSE. 


Penetr^ticti  >"fc  $ffH  hy  7 '  rlefcopes. 


On  the  Power  cj penetrating  into  Space  by  Telcfcopes ;  with  a  comparative  Determination  of 
the  Extent  of  that  Power  tn  natural  fifion,  ana"  in  Tehjiopts  of  various  Sizes  and  Can- 
JlruOionr,  Muflrated  byJ'eleO.  Obfervattons.     By  Wiliiam  Heuschll,  LL.D.  F.R.S.* 


AT  will  not  be  difficult  to  fliew  thai  the  power  of  penetrating  into  fpace  by  tetefcopes  is 
very  ditTeient  from  magnifying  power,  and  that,  in  the  conftru£tion  of  inftruments,  thefe 
two  powers  ought  to  be  confidered  fcparately. 

hi  order  to  conduct  our  prefxnt  inquiry  properly,  it  will  be  neceffury  to  examine  the 
nature  of  luminous  bodies,  and  to  enter  into  the  method  of  vifioo  at  a  diftance.  There- 
fore, to  prevent  the  inaccuracy  that  would  unavoidably  arife  from  the  ufc  of  terms  in  their 
common  acceptation,  I  (lull  have  recourfe  to  algebraic  fymbols,  and  to  fitch  definitions  as 
may  be  necefl'ary  to  fix  a  precife  meaning  to  fome  cxpreflions  which  are  often  ufed  in  con- 
vcrfation,  without  much  regard  to  accuracy. 

By  luminous  bodies  I  mean,  in  the  following  pages,  to  denote  fuch  as  throw  out  lighr^ 
whatever  may  be  the  caufe  of  it ;  even  thofc  that  are  opaque,  when  they  are  in  a  fituaricm 
to  reflect  light,  fiiould  be  underftood  to  be  included  ;  as  objects  of  viGon  they  mull  throw 
out  light,  and  become  intilled  to  be  called  luminous.  However,  thofe  that  fhmc  by  their 
own  light  may  be  called  fclf-luminous,  when  there  is  an  occafion  to  diftinguifh  them. 

The  queflion  will  arife,  whether  luminous  bodies  fcatter  light  in  all  directions  equally ; 
but,  till  we  arc  more  intimately  acquainted  with  the  powers  which  emit  and  reflect  light, 
we  fjiall  probably  remain  ignorant  on  this  head.  I  fiiould  remark,  ih.it  what  I  mean  to  fay, 
relates  only  to  the  phyfical  points  into  which  we  may  conceive  the  futfaces  of  luminous 
bodies  to  be  divided  ;  for,  when  we  take  any  given  luminous  body  in  its  whole  conftruc- 
tion,  fuch  as  the  fun  or  the  moon,  the  queflion  will  a  flu  roe  another  form,  as  will  appear 
hereafter. 

That  light,  flame,  and  luminous  gafes  are  penetrable  to  the  rays  of  light,  we  know  from 
experience  ;  \  it  follows  therefore,  that  every  part  of  the  fun's  difk  cannot  appear  equally 
luminous  to  an  obfervcr  in  a  given  fituation,  on  account  of  the  unequal  depth  of  its  lumi- 

*  Fhilofophical  Tranlhaions,  ,Soo,  p.  49. 
-|  In  order  to  put  this  ta  a  proof,  I  placer]  four  candles  behind  a  (cms,  at  i  of  in  inch  diflanic  from 
«ach  other,  fo  that  their  flames  might  range  exactly  in  a  line.  The  fii  ft  of  the  candles  was  plactd  at  the 
fame  diflance  from  the  fcreen,  and  juft  oppolite  a  narrow  Hit,  two- thirds  of  an  inch  long,  and  {  broad.  On 
the  oihcr  fide  of  the  fereen  I  fixed  up  a  book,  at  fuch  a  diftanee  from  the  flit  that,  when  the  firft  of  the 
candles  was  lighted,  the  letter*  might  not  be  fufficiently  illuminated  to  become  legible.  Then,  lighting 
fucreflively  the  fecond,  third,  and  fourth  candles,  I  found  the  letters  gradually  more  illuminated,  fo  that 
al  laft  I  could  ri-ad  1'iuii  with  gieat  facility  j  and,  by  the  arrangement  of  the  fereen  and  candle;,  the  light 
of  the  fecond,  third,  and  fourth,  could  not  reach  the  book,  without  penttratiny  the  flames  of  thofe  that 
were  placed  before  tliem. 
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nous  atmofphere  indifferent  places*.  This  regards  only  bodies  that  arc  felf-luminous. 
But  the  greateft  in equalities  in  the  brightnefs  of  luminous  bodies  in  general,  will  undoubt- 
edly be  owing  to  their  natural  texture  ;  which  may  be  extremely  various,  with  regard  to 
ihcir  power  of  throwing  out  light  more  or  lefs  copioufly. 

Brightnefs,  I  ai'cribe  to  bodies  that  throw  out  'light  j  and  thofe  that  throw  out  mod  are 
the  brighteft. 

It  will  now  be  neceffary  to  eltablifli  certain  expTeflions  for  brightnefs  in  different  cir- 
cumfUnces. 

In  the  fird  place,  let  us  fuppofe  a  luminous  furface  throwing  out  light,  and  let  the  whole 
quantity  of  Sight  thrown  out  by  it  be  called  L. 

Now,  fince  every  part  of  this  furface  throws  out  light,  let  us  fuppofe  it  divided  into  a 
number  of  luminous  phylical  points,  denoted  by  N. 

If  the  copioufnefs  of  the  emiflion  of  light  from  every  phyfical  point  of  the  luminous  fur- 
face  were  equal,  it  might  in  general  be  denoted  by  c ;  but,  as  that  is  molt  probably  never 
the  cafe,  I  make  C  ftand  for  the  mean  copioufnefs  of  light  thrown  out  from  all  the  phyfical 
points  of  a  luminous  object.  This  may  be  found  in  the  following  manner  :  let  c  exprefs 
the  copioufnefs  of  emitting  light,  of  any  number  of  phyfical  points  that  agree  in  this  re- 
fpect ;  and  let  the  number  of  thefe  points  be  n.  Let  the  copioufnefs  of  emiflion  of  another 
number  of  points  be  c',  and  their  number  ri.  And  if,  in  the  fame  manner,  other  degrees 
of  copioufnefs  be  called  r',  r\  tsV.  and  their  numbers  be  denoted  by  «%  n\  faV.  iheu  will 
the  funi  of  every  fet  of  points,  multiplied  by  their  refpective  copioufnefs  of  emitting  light, 
fpvt  us  the  quantity  of  light  thrown  out  by  the  whole  luminous  body.  That  is,  L  —  c  i 
+  <■'«'  +  e"  lf*|  CSV. ;  and  the  mean  eopioufnefs  of  emitting  light,  of  each  phyfical  point, 

en  +  c'ri  Jt-  '■'"%  feV. 
will  be  cxpreffed  by ji E=  C. 

It  is  evident  that  the  mean  power,  or  copioufn;fs  of  throwing  out  light,  of  every  phyfical 
point  in  the  luminous  furface,  multiplied  by  the  number  of  points,  mud  give  us  the  whole 
power  of  throwing  out  light,  of  the  luminous  body.     That  is  C  N  zz  L. 

I  ought  now  to  anfwer  an  objection  thai  may  be  made  to  this  theory.  Light,  as  has 
been  dated,  is  tranfparcnt ;  an  J,  fince  the  light  of  a  point  behind  the  furface  of  a  flame  will 
pafs  through  the  furface,  ought  we  not  to  take  in  its  depth,  as  well  as  its  fuperficia!  di- 
menfioiis  ?  In  anfwer  to  this,  I  recur  to  what  lias  been  faid  with  regard  to  the  J  i  Serene 
powers  of  throwing  out  light,  of  the  points  of  a  luminous  furface.  For,  as  light  mud  be 
finally  emitted  through  the"  furface,  it  is  but  referring  all  light  arifing  from  the  cmiffion  of 
points  behind  the  furface,  to  the  furface  itfelf,  and  the  account  of  emitted  light  will  be 
equally  true.  And  this  will  alto  explain  why  it  has  been  dated  as  probable,  that  different 
parts  of  the  fame  luminous  furface  may  throw  out  different  quantities  of  light. 

"  See  the  Paper  on  lire  N«ure  and  Con  Ami!  ion  ot  [he  Sun.  Phil.  Tranf.  for  t^oj,  puge  *(. 
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Since,  therefore,  the  quantity  of  light  thrown  out  by  any  luminous  body  is  truly  repre- 
femed  by  C  N,  and  that  an  object  is  bright  in  confequence  of  light  thrown  out,  we  may  fay 
that  brightnefs  is  truly  defined  by  C  N.  If  however,  there  fhould  at  any  lime  be  occafion 
for  diftinetion,  the  brightnefa  arifing  from  the  great  value  of  C,  may  be  called  the  intrinfie 
brightnefs  j  and  that  arifing  from  the  great  value  of  N,  the  aggregate  brightnefs;  but  the 
abfolute  brightnefs,  in  all  cafes,  will  ftili  be  defined  by  C  N. 

Hitherto  we  have  only  confidtrcd  luminous  objects,  and  their  condition  with  regard  to 
throwing  out  light.  We  proceed  now  to  find  an  expreffion  for  their  appearance  at  any 
affigned  diftance;  and  here  it  will  be  proper  to  leave  out  of  the  account,  every  part  of  CN 
which  is  not  applied  for  the  purpofe  of  vifion.  L  reprefenting  the  whole  quantity  of  light 
thrown  out  by  CN,  we  fhaU  denote  that  part  of  it  which  is  ufed  in  vifion,  either  by  the  eye 
or  by  the  telefcopc,  /.  This  will  render  the  conclufions  that  may  be  drawn  hereafter  more 
UlMXCOptioaable  ;  for,  the  quantity  of  light  /  being  fcattered  over  a  fmall  fpace  in  propor- 
tion to  L,  it  may  reafonably  be  locked  upon  as  more  uniform  in  its  texture  ;  and  no  fcruptes 
about  its  inequality  will  take  place.  The  equation  of  light,  in  this  prcfent  fenfe,  therefore, 
hCN  =  I. 

Now,  fincc  we  know  tint  the  denfity  of  light  decrcafes  in  the  ratio  of  the  fquares  of  the 

diftanccs  of  the  luminous  objects,  the  expreifion  for  its  quantity  at  the  diftance  of  the  ob- 

/ 
ferver  D,  will  be  -tjt 

In  natural  vifion,  the  quantity  /  undergoes  a  confiderable  change,  by  the  opening  and 
contracting  of  the  pupil  of  the  eye.  If  we  call  the  aperture  of  the  iris  a,  we  find  that  in 
different  perfons  it  differs  considerably.  Its  changes  are  not  cafily  to  be  afeertained  ;  but 
we  (hall  not  be  much  out  in  ftating  its  variations  to  be  chiefly  between  i  and  2  tenths  of  an 
inch.  Perhaps  this  may  he  fuppofed  under-rated  ;  for  the  powers  of  vifion,  in  a  room 
completely  darkened,  will  exert  themfelves  in  a  very  extraordinary  manner.  In  fome  ex- 
periments on  light,  made  at  Bath,  in  the  year  1 780,  I  have  often  remarked,  that  after  flay- 
ing fame  time  in  a  room  fitted  up  for  thefe  experiments,  where  on  entering  I  could  not 
perceive  any  one  object,  I  was  no  longer  at  a  lofs,  in  half  an  hour's  time,  to  find  every 
thing  I  wanted.  It  is  however  probable  that  the  opening  of  the  iris  is  not  the  only  caufe  of 
feeing  better  after  remaining  long  in  the  dark  ;  but  that  the  tranquillity  of  the  retina,  which 
is  not  difturbed  by  foreign  objects  of  vifion,  may  render  it  fit  to  receive  impreflions  fuch  as 
otherwlfe  would  have  been  too  faint  to  be  perceived.  This  feems  to  be  fupported  by  telef- 
coptc  vifion ;  for  it  has  often  happened  to  me,  in  a  fine  winter's  evening,  when,  at  mid- 
night, and  in  the  abfence  of  the  moon,  I  have  taken  fweeps  of  the  heavens,  of  four,  five,  or 
fix  hours  duration,  that  the  fenfibility  of  the  eye,  in  confequence  of  the  exclufion  of  light 
from  furrounding  objects,  by  means  of  a  black  hood  which  I  wear  upon  thefe  occafions,  has 
been  very  great  i  and  it  is  evident,  that  the  opening  of  the  iris  would  have  been  of  no  fer- 
vicc  in  thefe  cafes,  on  account  of  the  diameter  of  the  -optic  pencil]  which,  hi  the  ao  feet 

telefcopc 
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telefcope,  at  the  time  of  fweep'mg,  was  no  more  than  ,ia  inch.  The-  effect  of  this  increafed 
fenfibility  was  fuch,  that  if  a  (tar  of  the  3d  magnitude  came  towards  the  field  of  view,  1 
found  it  neceflary  to  withdraw  the  eye  before  its  entrance,  in  order  not  to  injure  the  deli- 
cacy of  vifion  acquired  by  long  continuance  in  the  dark.  The  tranlit  of  large  liars,  unlefs 
where  none  of  the  6th  or  7th  magnitude  could  be  had,  have  generally  been  declined  in  my 
fweeps,  even  with  the  20  feet  telefcope.  And  I  remember,  that  after  a  considerable  fweep 
with  the  40  feet  inftrument,  the  appearance  of  Sinus  announced  itfelf,  at  a  great  diftance, 
like  the  dawn  of  the  rooming,  and  came  on  by  degrees,  increaGng  in  bright nefs,  till  this 
brilliant  ftar  at  lail  entered  the  field  of  view  of  the  telefcope,  with  all  the  fplendour  of  the 
riling  fun,  and  forced  me  to  take  the  eye  from  that  beautiful  fight.  Such  linking  effects 
are  a  fufficient  proof  of  the  great  fenfibility  of  the  eye,  acquired  by  keeping  it  from  the 
light. 

On  taking  notice,  in  the  beginning  of  fweeps,  of  the  time  that  parted,  I  found  that  the 
eye,  coming  from  the  light,  required  near  20',  before  it  could  be  fuificiently  repofed  to  ad- 
mit a  view  of  very  delicate  objects  in  the  telefcope ;  and  that  the  obfervation  of  a  tranfit  of 
a  liar  of  the  2d  or  3d  magnitude,  would  diforder  the  eye  again,  fo  as  to  require  nearly  the 
fame  time  for  the  re-eftabliihment  of  its  tranquillity. 

The  difficulty  of  afcertaining  the  greateft  opening  of  the  eye,  arifes  from  the  impofli- 
bility  of  mcafuring  it  at  the  time  of  ita  extreme  dilatation,  which  can  only  happen  when 
every  thing  is  completely  dark  1  but,  if  the  variation  of  a  is  not  eafily  to  be  afcertained,  we 
have,  on  the  other  hand,  no  difficulty  to  determine  the  quantity  of  light  admitted  through  a 
telefcope;  which  muft  depend  upon  the  diameter  of  die  object-glafs,  or  mirror ;  for,  its 
aperture  A  may  at  all  times  be  had  by  meafurement. 
a' I 

It  follows,  therefore,  that  the  expreffion  -75;  will  always  be  accurate  for  the  quantity  of 

light  admitted  by  the  eye;  and  that   ni   will  be  fufBctently  fo  for  the  telefcope.     For  it 

muft  be  remembered,  that  the  aperture  of  the  eye  is  alfo  concerned  in  viewing  with  telef- 
copes  j  and  that,  confequently,  whenever  the  pencil  of  light  tranfmitted  to  the  eye  by  op- 
tical inftruments  exceeds  the  aperture  of  the  pupil,  much  light  muft  be  loft.  In  that  cafe, 
the  expreflion  A'  I  will  fail  j  and  therefore,  in  general,  if  m  be  the  magnifying  power, 
A 
—  ought  not  to  exceed  a. 

As  I  hare  defined  the  brightnefs  of  an  object  to  the  eye  of  an  obferver  at  a  diftance,  to  be 
a'/ 
exprefled  by-Tj;,  it  will  be  neceflary  to  anfwer  fome  objections  that  may  be  made  to  this 

theory.     Optical  writers  have  proved,  that  an  object   is  equally  bright  at  all  diflanccs.     It 
may,  therefore,  be  maintained  againft  me,  that  fincc  a  wall  illuminated  by  the  fun  will  ap- 
pear equally  bright,  at  whatfocver  diftance  the  obferver  be  placed  that  views  it,  the  fun  alfo, 
3S  2  at 
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at  die  diltancc  of  S.iturn,  or  flill  farther  from  us,  muft  be  as  blight  as  it  U  m  lu  preknt 
fituation.  Nay,  it  may  be  urged,  that  in  a  telefcope,  the  different  diflance  0f  ft,irs  can  Dc 
of  no  account  with  regard  to  their  brightnefs,  and  that  we  mull  confequemly  be  able  to 
fee  flats  which  arc  many  thoufands  of  times  farther  than  <Siriu>  from  ua  -,  in  iliort,  that  a 
Aar  muft  be  infinitely  dirtant  not  to  bc,feen  any  longer. 

Now,  objections  fuch  as  thefe,  which  feem  lo  be  the  immediate  confequence  of  what  has 
been  demon ilnted  by  mathematicians,  and  which  yet  apparently  contradict  what  I  affeti  in 
[hie  paper,  deferve  to  be  thoroughly  anfwered. 

It  may  he  remembered,  that  I  have  diftinguifhed  brightnefs  into  three  different  forts*. 
Two  of  thefe,  which  have  been  difcriimnated  hy  irHnnfc  and  abfolut*  briglitnefj,  are,  in 
common  language,  left  without  distinction,  In  order  to  (hew  that  they  arc  fo,  I  might 
bring  a  variety  of  examples  from  common  conversation  \  bur,  taking  this  for  granted,  it 
may  be  [hewn  that  all  the  objections  I  have  brought  againft  my  theory  have  their  founda- 
tion in  this  ambiguity. 

The  demonftrations  of  opticians,  with  regard  to  what  I  call  uttntffk  bright  nefs,  wiJJ  not 
Oppofc  what  I  affirm  of  abfdult  brightnefs  ;  and  I  fhall  have  nothing  ijtther  lo  do  than  to 
(hew  that  what  mathematicians  have  faid,  muft  be  undcrftood  to  refer  entirely  to  the  in- 
trinfic  brightnefs,  or  illumination  of  the  picture  of  objects  on  the  retina  of  the  eye  ;  from 
which  it  will  clearly  follow,  that  their  doctrine  and  mine  arc  perfectly  reconcilable;  and 
that  they  can  be  at  variance  only  when  the  ambiguity  of  the  word  brightnefs  is  overlooked, 
and  objections,  fuch  as  I  have  made,  arc  raifed,  where  the  word  brightnefs  is  ufed  as  fli/S- 
ttile,  when  we  fhouid  have  kept  it  to  the  only  meaning  it  can  bear  in  the  mathematicians' 
die  o  rem. 

The  firft  objection  I  have  mentioned -is,  that  the  fun,  to  an  obfervcron  Saturn,  muft  be 
as  bright  as  it  is  here  on  earth.  Now  by  this  cannot  be  meanr,  that  an  inhabitant  (landing 
on  the  planet  Saturn,  and  locking  at  the  fun,  fhouid  ahfilitttty  receive  as  much  light  from 
it  as  one  on  earth  receives  when  he  fees  it ;  for  this  would  be  contrary  to  the  well  known 
decreafc  of  light  at  various  diftances.  The  objection,  therefore,  can  only  go  to  afferr,  that 
the  picture  of  the  fun,  on  the  retina  of  the  Saturnian  obferver,  is  as  intenfety  illuminated  as 
that  on  the  retina  of  the  terreftrial  aftronomer,  To  this  I  perfectly  agree.  But  let  thofe 
who  would  go  farther,  and  fay  that  therefore  the  fun  is  abjolulcly  as  bright  to  the  one  as  to 
the  other,  remember  that  the  fun  on  Saturn  appears  to  be  a  hundred  limes  lefs  than  on  the 
earth  s  and  that  confequently,  though  it  may  there  be  irttrinfwally  as  bright,  it  muft  here  be 
abjoliitily  |  an  hundred  times  brighter. 

The  next  objection  I  have  to  con  filler,  relates  to  the  fixed  ftars.  What  lias  been  fliewn 
in  the  preceding  paragraph,  with  regard  to  the  fun,  is  fo  intirely  applicable  to  the  ftars, 
that  it  will  be  very  eafy  to  place  this  point  alfo  in  its  proper  light.  As  I  have  affented  to 
the  demonfttation  of  opticians  with  regard  to  the  brightnefs  of  the  fun,  when  fecn  at  the 


►  See  page +97. 
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diftance  of  Saturn,  provided  the  meaning  of  this  word  be  kept  to  the  intrw/tc  illumination 
of  the  piciuie  on  the  retmaof  an  obferver,  I  can  have  no  hefitation  to  allow  that  the  fame 
will  hold  good  with  a  ftar  placed  at  any  ■ffigDlUe  diftance.     But  I  muft  repeat,  that  the 

light  we  can  receive  from  flars  is  truly  exprefled  by  -jj, ;  and  that  therefore  their  abfolute 
brightnefs  muft  vary  in  the  inverfe  ratio  -of  the  fquures  of  their  diftances.  Hence  lam 
authorSfoti  to  conclude,  Uld  obfcTvalion  abundantly  confirm*  it,  that  liars  cannot  be  fecn  by 
the  naked  eye,  when  they  are  more  than  feven  or  eight  times  farther  from  us  than  Sinus; 
and  that  they  become,  comparatively  fpeaking,  very  foon  invilible  with  our  belt  inftruments. 
It  will  be  fhewn  hereafter,  that  the  vifibility  of  ftars  depends  on  the  penetrating  power  of 
telefcopes,  which,  I  muft  repeat,  falls  indeed  very  Ihort  of  (hewing  (bus  that  are  many 
thoufands  of  times  farther  from  us  than  Siriusi  much  lefs  can  we  ever  hope  to  fee  ftarB 
that  are  all  but  Infinitely  diftant. 


If  now  it  be  admitted  that  the  cxprciTiojis  we  have  laid  down  are  fuch  as  agree  with  well 
known  fails,  we  may  proceed  to  viiion  at  a  diftance ;  and  firft  with  refnect  to  the 
naked  eye. 

Here  the  power  of  penetrating  into  fpace,  is  not  only  confined  by  nature,  but  is  more- 
over occasionally  limited  by  the  failure  in  brightnefs  of  luminous  objects-  Let  us  fee 
whether  aftronomicaj  obfervntions,  affifted  by  mathematical  reafoning,  can  give  us  fome 
idea  of  the  general  extent  of  natural  viflon.  Among  the  reflecting  luminous  objects,  our 
penetrating  powers  are  fufticiently  afcertained.  From  the  moon  we  may  ftep  to  VenuSj 
to  Mercury,  to  Mars,  to  Jupiter,  to  Saturn,  and  laft  of  all  to  the  Georgian  planet.  An 
object  feen  by  reflected  light  at  a  greater  diftance  than  this,  it  has  never  been  allowed  us  to 
perceive;  and  it  is  indeed  much  to  be  admired,  that  we  fhould  fee  borrowed  illumination 
to  the  amazing  diilancc  of  more  than  18  hundred  millions  of  miles;  efpecially  when  that 
light,  in  coming  from  the  fun  to  the  planet,  has  to  pafs  through  an  equal  fpace,  before  it 
can  be  reflected,  whereby  it  muft  be  fo  enfeebled  as  to  be  above  368  times  lefs  intenfe  on 
that  planet  than  it  is  with  us,  and  when  probably  not  more  than  one-third  part  of  that  light 
can  be  thrown  bach  from  its  difk  *. 

The  range  of  natural  vifion  with  felf  •luminous  objects,  is  incomparably  more  extended, 
but  lefs  accurately  to  be  afeertained.  From  cur  bright  eft  luminary,  the  fun,  we  pafs  im« 
mediately  to  very  diftant  objects  ;  for,  Sinus,  Arcturus,  and  the  reft  of  the  liars  of  the  firft 
magnitude,  are  probably  thofe  that  come  next ,  and  what  their  diftance  may  be,  it  is  well 
known,  can  only  be  calculated  imperfectly  from  the  doctrine  of  parallaxes,  which  places 
the  neareft  of  them  at  leaft  41253I0  times  farther  from  u»  than  the  fun. 

*  According  to  Mr.  Bongurr,  the  furfacc  of  the  njoon  abftrbs  abtrtit  two-tlurdi  of  the  light  it  Mceivti 
from  the  fun.     See  Traiti ,1'Qpiitjut,  page  in. 
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In  order  to  take  a  fecond  ftep  forwards,  we  mud  enter  into  feme  preliminary  confedera- 
tions, which  cannot  but  be  attended  with  considerable  uncertainty.  The  general  fuppofi- 
tion,  that  ftars,  at  leaft  thofe  which  fcem  to  be  promifcuoufly  Scattered,  are  probably  one 
with  another  of  a  certain  magnitude,  being  admitted,  it  has  already  been  Shewn  in  a  former 
paper  ",  that  after  a  certain  number  of  Stars  of  the  firft  magnitude  have  been  arranged  about 
the  fun,  a  farther  diftant  fet  will  come  in  for  the  fecond  place.  The  Situation  of  thefe  may 
be  taken  to  be,  one  with  another,  at  about  double  the  distance  of  the  former  from  us. 

By  directing  our  view  to  them,  and  thus  penetrating  one  Step  farther  into  fpace,  thefe 
ftars  of  the  fecond  magnitude  furnifh  us  with  an  experiment  that  {hews  what  phenomena 
will  take  place,  when  we  receive  the  illumination  of  two  very  remote  objects,  equally  bright 
in  themfelves,  whereof  one  is  at  double  ihe  di fiance  of  the  other.  The  expreflion  for  the 
brightnefs  of  fuch,  objects,  at  all  distances,  and  with  any  aperture  of  the  iris>  according  to 

our  foregoing  notation,  will  be  -jr  ;  and  a  method  of  reducing  this  to  an  experimental 
investigation  will  be  as  follows  : 

Let  us  admit  that  a  Cygni,  <3  Tauri,  and  others*  are  (tars  of  the  fecond  magnitude,  fuch 
as  are  here  to  be  confidered.  We  know,  that  in  looking  at  them  and  the  former,  the  aper- 
ture of  the  iris  will  probably  undergo  no  change;  fince  the  difference  in  brightnefs,  between 
Sirius,  Arclurus,  «  Cygni,  and  3  Tauri,  does  not  fcem  to  affect  the  eye  fo  as  to  require  any 
alteration  in  the  dimenfions  of  the  iris ;  ■>,  therefore  becomes  a  given  quantity,  and  may  be 
left  out.  Admitting  alfo,  that  the  latter  of  thefe  ftars  are  probably  at  double  the  distance 
of  the  former,  we  have  Z)» in  one  cafe  four  times  that  of  the  other ;  and  the  two  expref- 
fions  for  the  brightnefs  of  the  ftars,  will  be  /  for  thofe  of  the  firft  magnitude,  and  J  /  for 
thofe  of  the  fecond. 

The  quantities  being  thus  prepared,  what  I  mean  to  fugged  by  an  experiment  is,  that 
fince  fenfations,  by  their  nature,  will  not  admit  of  being  halved  or  quartered,  we  come  thus 
to  know  byinfpe&ion  what  phenomenon  will  be  produced  by  the  fourth  part  of  the  light  of 
a  flar  of  the  firft  magnitude.  In  this  fenfe,  I  think  we  mult  take  it  for  granted,  that  a  cer- 
tain idea  of  brightnefs,  attached  to  the  ftars  which  are  generally  denominated  to  be  of  tie 
fecond  magnitude,  may  be  added  to  our  experimental  knowledge;  for  by  this  means,  we 

*•/         a't  a*  I 

are  informed  what  we  are  to  underftand  by  the  expreffions  ,  -„-.-  — -. , ,  — - — vr" 

O*      binusV    H  Kuril* 

We  cannot  wonder  at  the  immenfe  difference  between  the  brightnefs  of  the  fun  and  that  of 

Siriua  ;   fince  the  two  firft  expreffions,  when  property  refolved,  give  us  a  ratio  of  brightnefi 

of  more  than  i7othoufand  millions  to  one;  whereas  the  two  latter,  as  has  been  (hewn, 

give  only  a  ratio  of  four  to  one. 

•  Phil.  Tranf.  for  the  year  1756,  page  166,  167,  16S. 
f  The  name)  of  the  objects  0  .  Siriii*,  8  Tauri,  are  here  ufed  to  exprtfs  their  distance  from  us. 


Ptnttration  into  Spact  by  Ttkjcepu. 
What  has  been  faid  will  tarry  us,  with  very  little  addit: 


3  the  end  of  our  unalMtd 
power  of  vifion  to  penetrate  into  fpacc.  We  can  have  no  other  guide  to  lead  us  a  third  ftep 
than  the  fame  beforementioned  hypothecs ;  in  confequence  of  which,  however,  it  mult  be 
acknowledged  to  be  fufliciently  probable,  that  the  ftars  of  the  third  magnitude  may  be  placed 
about  three  times  as  far  from  us  as  thofe  of  the  firft.  It  has  been  feen,  by  my  remarks  on 
the  comparative  brightnefs  of  the  liars,  that  I  place  no  reliance  on  the  cl am li cation  of  them 
into  magnitudes  *  i  but,  in  the  prefent  inftance,  where  the  qucftion  is  not  to  afcertain  the 
precife  brightnefs  of  any  one  ftar,  it  is  quite  fufficlent  to  know  that  the  number  of  the  ftars 
of  the  firft  three  different  magnitudes,  or  different  brightnefles,  anfwers,  in  a  general  way, 
fuffidently  well  to  a  fuppofed  equally  diftant  arrangement  of  a  firft,  fecond,  and  third  fet  of 
ftars  about  the  fun.  Our  third  ftep  forwards  into  fpace,  may  therefore  very  properly  be 
faid  to  fall  on  the  pole-ftar,  on  y  Cygni,  i  Bootis,  and  all  thofe  of  the  fame  order. 

As  the  difference,  between  thefe  and  the  ftars  of  the  preceding  order,  is  much  lefs  ftriklng 
than  that  between  the  ftars  of  the  fir  ft  and  fecond  magnitude,  we  alfo  find  that  the  ex- 

r  Mauri)1  Polaris)1 

or  •*{  to  1. 

Without  tracing  the  brightnefs  of  the  ftars  through  any  farther  fteps,  I  fliall  only  re- 
mark, that  the  diminution  of  the  ratios  of  brightnefs  of  the  ftars  of  the  4th,  5th,  6th,  and 
7th  magnitude,  fcems  to  anfwer  to  their  mathematical  expreflions,  as  well  as,  from  the  firft 
fteps  we  have  taken,  can  pofliblybe  imagined.  The  calculated  ratio,  for  inftance,  of  the 
brightnefs  of  a  ftar  of  the  6th  magnitude,  to  that  of  one  of  the  7th,  is  but  little  more  than 
Ij  to  I ;  but  will  we  find  by  experience,  that  the  eye  can  very  conveniently  perceive  it.  At 
the  fame  time,  the  faintnefs  of  the  ftars  of  the  7th  magnitude,  which  require  the  fined 
nights,  and  the  beft  common  eyes  to  be  perceived,  gives  us  little  room  to  believe  that  we 
can  penetrate  much  farther  into  fpace,  with  objects  of  no  greater  brightnefs  than  ftars. 

But,  fince  it  may  be  juftly  obferved,  that  in  the  foregoing  eftimation  of  the  proportional 
diftance  of  the  ftars,  a  confiderable  uncertainty  muft  remain,  we  ought  to  make  a  proper 
allowance  for  it;  and,  in  order  to  fee  to  what  extent  this  fiiould  go,  we  muft  make  ufe  of 
the  experimental  fenfations  of  the  ratios  of  brightnefs  we  have  now  acquired,  in  going  ftep 
by  ftep  forward  :  for,  numerical  ratios  of  brightnefs,  and  fenfations  of  them,  as  has  been 
noticed  before,  are  very  different  things.  And  fince,  from  the  foregoing  confiderations, 
it  may  be  concluded,  that  as  far  as  the  6th,  7th,  or  8th  magnitude,  there  ought  to  be  a  vi- 
fiblc  general  difference  between  ftars  of  one  order  and  that  of  the  next  following,  I  think, 
from  the  faintnefs  of  the  ftars  of  the  7th  magnitude,  we  are  authorized  to  conclude,  that 
no  ftar,  eight,  nine,  or  at  molt  ten  times  as  far  from  us  as  Sirius,  can  poffibly  be  perceived 
by  the  natural  eye. 


•  Phil.  Tranf,  for  the  year  17)*,  page  16 J,  i6s. 


^o^  Penetration  into  Space  by  Telejtopet. 

The  boundaries  of  vilion,  however,  are  not  confined  to  fitiglc  ftars.  Where  the  light  of 
thefe  falls  fliort,  the  united  Juftre  of  fidercal  fyftems  will  ftill  be  perceived.  In  cleaT  nights, 
for  Inftance,  we  may  fee  a  whitifh  patch  in  the  fword-ltaiidle  of  Perfcus  *,  which  contains 
fmall  ftars  of  various  fizes,  as  may  be  afcertained  by  a  telefcope  of  a  moderate  power  of 
penetrating  into  fpacc.  Wo  ealily  fee  the  united  luftre  of  them,  tnvttgtl  ttx  light  of  no 
one  of  the  (ingle  {tars  could  have  affected  the  unafGfted  eye. 

Confidcrably  beyond  the  diftance  of  the  former  muft  be  the  ciufter  difcovered  hy  Mr. 
Meffier,  in  1764  ;  north  following  H.  Geminorum.  It  contains  ftars  much  fmallcr  than 
ihofe  of  the  former  ciufter ;  and  a  telefcope  fhould  have  a  confiderable  penetrating  power, 
to  a/certain  their  brightness  properly,  fuch  as  my  common  io-feet  reflector.  The  night 
fhould  be  clear,  in  order  to  fee  it  well  with  the  naked  eye,  and  it  will  then  appear  in  the 
lhape  of  a  fmall  nebula. 

Still  farther  from  us  tnuft  be  the  nebula  between  vi  and  £  Hcrculis,  difcovered  by  Dr. 
Ilalley,  in  17 14.  The  fturs  of  it  are  fo  fmall  that  it  has  been  called  a  nebula  t;  and  has 
been  regarded  as  fuch,  till  my  inftruments  of  high  penetrating  powers  were  applied  to  it_ 
It  requires  a  very  clear  night,  and  the  abfence  of  the  moon,  to  fee  it  with  the  natural  aye. 

Perhaps,  among  the  fartheft  objects  that  can  make  an  imprcflion  on  the  eye,  when  not 
aflifted  by  telefcopes,  may  be  reckoned  the  nebula  in  the  girdle  of  Andromeda,  difcovered 
by  Simon  Marius,  in  1612.  It  is  however  not  difficult  to  perceive  it,  in  a  clear  night,  on 
account  of  its  great  extent. 


From  the  powers  of  penetrating  into  fpace  by  natural  vifion,  we  proceed  now  to  that  of 

telefcopes. 

It  has  been  fhewn,  that  brightness,  or  light,  is  to  the  naked  eye  truly  reprefented  by 

c*  I  t  A*l 

yr-;  in  a  telefcope,  therefore,  the  light  admitted  will  be  cxprefled  by  y^.      Hence  it 

would  follow,  that  the  artificial  power  of  penetrating  into  fpace  fhould  be  to  the  natural 
one  as  A  to  a.  But  this  proportion  rnuft  be  corrected  by  the  practical  deficiency  in  light 
reflected  by  mirrors,  or  tranfraittcd  through  glades ;  and  it  will  in  a  great  meafute  depend 
on  the  circumftances  of  the  workmanfhip,  materials,  and  conftruction  of  the  telefcope,  how 
much  lofs  of  light  there  will  be  fuftained. 

In  order  to  come  to  fome  determination  on  this  fubject,  I  made  many  experiments  with 
plain  mirrors,  polifhed  like  my  large  ones,  and  of  the  fame  compofiiion  of  metal.  The 
method  I  purlued  was  that  propofed  by  Mr.  Douguer,  in  his  Traits  iTOpttqut,  page  i67 

•  See  the  catalogue  of  a  1'ccoiid  tliouCtiul  of  new  nebulae  and  clutters  of  ftars,  VI.  jj,  54.  Phil.  Tr;inC 
Vol.LXXIX.  page  151. 

f  In  the  Connoijancc  ttet  "tempt  for  1783,   No.  15,  it  iidefciiUd  at  a  nebula  without  ftan. 
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fig.  3.;  but  I  brought  the  mirror,  during  the  trial,  as  clofe  to  die  line  connecting  the  two 
objects  as  poffible,  in  order  to  render  the  reflected  rays  nearly  perpendicular. 

The  refute  was,  that  out  of  100  thou  fa  nd  incident  rays,  67361  were  returned  1  and 
therefore,  if  a  double  reflection  takes  place,  only  45242  will  be  returned. 

Before  this  light  can  reach  the  eye,  it  will  fuffer  fome  lofs  in  palling  through  the  eye 
glafs;  and  the  amount  of  this  I  afcertaincd,  by  taking  a  highly  polifhed  plain  glafs,  of  nearly 
the  ufual  thicknefs  of  optical  glafles  of  fmall  focal  lengths.  Then,  by  the  method  of  the 
fame  author,  page  ai,  fig.  5.  I  found,  that  out  of  100  thou  (and  incident  rays,  94825  were 
tranfmitted  through  the  glafs.  Hence,  if  two  lenfes  be  ufed,  89918;  and,  with  three 
lenfes,  85265  rays  will  be  tranfmitted  to  the  eye. 

Then,  by  compounding,  we  fliall  have,  in  a  telefcope  of  my  con  ft  ruction  with  one  reflec- 
tion, 63796  rays,  out  of  100  thoufand,  come  to  the  eye.  In  the  Newtonian  form,  with  a 
Cngle  eye  lens,  42901  ;  and,  with  a  double  eye  glafs  40681  will  remain  for  vifion. 

There  mult  always  remain  a  confiderable  uncertainty  in  the  quantities  here  affigned  ;  as 
a  newly  poliihed  mirror,  or  one  in  high  prefervation,  will  give  more  light  than  another  that 
has  not  thofe  advantages.  The  quality  of  metal  alfo  will  make  fome  difference  j  but,  if  it 
(hould  appear  by  experiments,  that  the  metals  or  glafles  in  ufe  will  yield  more  or  lefs  light 
than  here  ,i Signed,  it  is  to  be  understood  that  the  corrections  mult  be  made  accordingly. 

We  proceed  now  to  find  a  proper  expreffion  for  the  power  of  penetrating  into  fpace, 
that  we  may  be  enabled  to  compare  its  effects)  in  different  telefcopes,  with  that  of  the  na- 
tural eye. 

Since  then  the  brightnefs  of  luminous  objects  is  inverfely  as  the  fquares  of  the  di  (lances, 
it  follows,  that  the  penetrating  power  mult  be  as  the  fquare  roots  of  the  light  received  by 
the  eye. 

In  natural  vifion,  therefore,  this  power  is  truly  exprefled  by  ^/  a1 1;  and,  fince  we  have 
alfo  obtained  a  proper  correction  x,  we  mull  apply  it  to  the  incident  light  with  te- 
lefcopes- 

In  the  Newtonian  and  other  conflroetions  where  two  fpecula  are  ufed,  there  will  alfo  be 
iome  lofs  of  light  on  account  of  the  interpofition  of  the  fmall  fpeculum  ;  therefore,  putting 
I  for  its  diameter,  we  have  A*  —  b*  for  the  real  incident  light.    This  being  corrected  as 

above,  will  give  the  general  expreffion  V  x  /  x  A*  — £»  for  the  fame  power  in  telefcopes. 
But  here  we  are  to  take  notice:  that  in  refractors,  and  in  telefcopes  with  one  reflection, 
t  will  be  =  c,  anil  therefore  is  to  be  left  out. 

Then,  if  we  put  natural  light/—  1,    and  divide  by  a,    we   have  the  general  form 

— — for  the  penetrating  power  of  all  forts  of  telefcopes,  compared  to  that  of  the 

natural  eye  as  a  ftandard,  according  to  any  fuppofed  aperture  of  the  iris,  and  proportion  of 
light  returned  by  reflection,  or  tranfmitted  by  refraction. 
Vol..  IV.— February  180:.  3  T  Tn 
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On  tht  Strtttlure  ef  tht  H<ad  oj 


In  the  following  in  vc  (ligation  we  (hall  fuppofe  a  =  2  tenths  of  an  inch,  as  being  perhaps 
neatly  the  general  opening  of  the  iris,  in  (lar-light  nights,  when  the  eye  has  been  fome 
moderate  time  in  the  dark.  The  value  of  the  corrections  for  lofs  of  light  will  (land  as  has 
been  given  before. 

(  To  be  (included  in  owe  next.) 


Same   Obfervations  en  the   Head   of  the    Ormthorhynchus    paradoxus.      By  Evirarh 
Hout,  Efq.  F.R.S.* 

A  HE  fpeclmens  of  this  extraordinary  animal  which  have  been  fent  to  Europe,  have 
been  deprived  of  the  internal  parts,  and  the  (tins  are  moftly  dried,  and  hut  badly  preferved. 
Such  imperfect  fpeclmens  have  raifed  the  curiofity  of  the  naturahft,  and  excited  the  ardor 
of  the  anaiomjit,  without  fatisfying  their  enquiries. 

It  was  natural,  under  thefe  circumftances,  to  referve  any  obfemtions  which  had  been 
made  upon  this  newly  difcovered  quadruped,  till  the  entire  animal  mould  be  brought  home 
preferved  in  fpirit,  and  enable  us  to  examine  the  ftrudture  of  its  different  organs  j  but, 
finding  that  FrofeiTor  Blurnenbach  has  been  led  to  believe  that  it  was  an  animal  without 
teeth,  an  opinion  which  mull  have  arifen  from  the  imperfect  (late  of  the  fpecimen  he 
examined,  it  appeared  highly  proper  to  do  away  the  miftnke,  and  lay  before  this  learned 
Society,  fuch  obfervations  refpecting  the  head  of  this  extraordinary  animal,  as  I  have  been 
enabled  to  make. 

My  opportunities  of  examining  the  Ornithorhynchu  were  procured  through  Sir  Jofeph, 
Banks;  who  permitted  me  to  have  drawings  made  from  the  (bin  of  one  of  a  very  large 
(ize,  and  which,  from  having  been  preferved  in  fpirit,  was  more  perfect  than  any  of  the 
dried  fpecimens. 

Any  general  defcription  of  the  beak  of  this  animal,  which  is  its  mod  confpicuoas 
peculiarity,  becomes  unnecefiary,  as  the  accompanying  drawings  will  give  a  fufQciently 
correct  idea  of  the  outward  appearances,  to  anfwer  the  prefent  purpofe. 

It  was  not  permitted  to  examine  the  bead  anatomically;  but  a  ("mailer  dried  fpecimen, 
received  from  Sir  Jofeph  Banks,  furnilhed  me  with  the  following  obfervations. 

The  beak  of  the  Qrmthorhynchuty  when  it  is  curforily  examined,  appears  fo  ftrongly  to 
refemble  that  of  the  duck,  as  to  lead  to  the  belief  of  its  being  calculated  for  exactly  the 
lame  purpofes ;  it  will  however  be  found  to  diffet  materially  from  it,  in  a  variety  of 
circumftances. 

The  beak  is  found,  upon  examination,  not  to  be  the  animal's  mouth,  but  a  part  added 
to  the  mouth,  and  projecting  beyond  it. 

*  Philofrphiea!  Tnwfiflions  1S00. 
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The  cavity  of  the  mouth  is  fituated  as  in  other  quadrupeds,  and  has  two  grinding  teeth 
on  each  fide,  both  in  the  upper  and  lower  jaw ;  but,  inftead  of  incifor  teeth,  the  nafal  and 
palate  bones  are  continued  forwards,  lengthening  the  anterior  noftrils,  and  forming  the 
upper  part  of  the  beak ;  and  the  two  portions  of  the  lower  jaw,  inftead  of  terminating  at 
the  fymphifis,  where  they  join,  become  two  thin  plates,  and  are  continued  forwards, 
forming  the  under  portion  of  the  beak. 

This  ftructure  differs  materially  from  the  bill  of  the  duck,  and  indeed  from  the  bills  of 
all  birds,  Gnce  in  them,  the  cavities  of  the  noftrils  do  not  extend  beyond  the  root  of  the 
bill  i  and,  in  their  lower  portions,  which  correfpond  to  the  under  jaw  of  quadrupeds,  the 
edges  are  hard,  to  anfwer  the  purpofc  of  teeth,  and  the  middle  fpace  is  hollow,  to  receive 
the  tongue.  But,  in  this  animal,  the  two  thin  plates  of  bone  are  in  the  centre  ;  and  the 
parts  which  furround  them  are  compofcd  of  fkin  and  membrane,  in  which  a  mufcular 
ftructure  probably  is  inclofed. 

The  teeth  have  no  fangs  which  fink  Into  the  jaw,  as  in  mod  quadrupeds,  but  are  im- 
bedded in  the  gum;  and  have  only  lateral  alveolar  procelTes,  from  the  outer  and  inner 
edges  of  the  jaw,  to  fecure  them  in  their  places,  but  no  tranvcrfc  ones  between  the 
two  teeth. 

The  tongue  is  extremely  fliort,  not  half  an  inch  long;  and  the  moveable  portion  not 
more  than  a  quarter  of  an  inch ;  the  papillae  on  its  furface  are  long,  and  of  a  conical 
form.  When  the  tongue  is  drawn  in,  it  can  be  brought  intirely  into  the  mouth ;  and, 
when  extended,  can  be  projected  about  a  quarter  of  an  inch  into  the  beak. 

The  organ  of  fmell,  in  this  animal,  differs,  in  Tome  particulars,  from  that  of  quadrupeds 
in  general,  as  well  as  of  birds.  The  external  openings  of  this  organ  are  placed  nearly  at 
the  end  of  the  beak,  there  being  only  the  lip  beyond  them ;  while  the  turbinated  bones  are 
in  the  fame  relative  fituation  to  the'other  parts  of  the  fkull  as  in  quadrupeds;  by  which 
means,  there  are  two  cavities  the  whole  length  of  the  beak,  fuperadded  to  the  organ  of 
fmell. 

The  turbinated  bones  in  each  noftril  are  two  in  number,  and  are  di  ft  in  ft  from  each 
other.  That  next  the  beak  is  the  longed,  has  a  more  variegated  furface  than  in  the  duck, 
and  has  the  long  axis  in  the  direction  of  the  noftril ;  the  pofterior  one  is  fhort,  projects 
farther  into  the  noftril,  and  the  ridges  are  in  a  tranfvcrfe  direction. 

The  pofterior  noftrils  do  not  open  directly  under  the  turbinated  bones,  as  in  the  duck, 
but  about  an  inch  farther  back,  and  are  extremely  fmall  i  the  cavities  of  the  nofe,  in  this 
animal,  are  therefore  uncommonly  extenfive  i  they  reach  from  the  end  of  the  beak  nearly 
to  the  occiput. 

The  beak  itfelf  is  formed  by  the  projecting  bones  already  mentioned,  covered  with  a 
fmooth  black  fkin,  which  extends  fome  way  beyond  the  bones,  both  in  front  and  laterally, 
forming  a  moveable  lip.  This  lip  is  fo  ftrong,  that,  when  dried  or  hardened  in  fpirit,  it 
Teems  to  be  rigid ;  but,  when  mo'iftened,  is  very  pliant,  and,  as  has  been  already  men- 
tioned,  has  probably  a  mufcular  ftructure.  The  under  portion  of  the  beak  has  a  lip 
3  T  2  equally 
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equally  broad  with  the  upper :  this  has  a  Terraced  edge ;  but  the  feme  are  confined  to  the 
foft  part,  not  extending  to  the  membrane  covering  the  bone,  and  are  not  met  with  in  the 
upper  one.  The  extent  of  the  lips  beyond  the  bones,  is  diftinctly  marked  in  the 
drawing?. 

There  is  a  very  curious  tranverfc  fold  of  the  external  black  fmootlt  (kin,  by  which  the 
beak  is  covered,  projecting  all  round,  exactly  at  that  part  where  the  beak  his  its  origin. 
Its  apparent  ufe  feems  to  be  to  prevent  the  beak  being  pufhed  further  into  the  foft  mud, 
to  which  its  prey  may  lie  concealed,  than  up  to  this  part,  which  is  fo  broad  that  it  muft 
completely  (lop  its  progrefs. 

The  nerves  that  fupply  the  beak,  m  their  general  count,  fizc,  and  number,  fcem  very 
clofcly  to  correfpond  with  thofe  of  the  bill  of  the  duck. 

The  cavity  of  the  (kull  bears  a  greater  general  refemblance  to  that  of  the  duck  than 
of  quadrupeds:  there  is  a  very  uncommon  peculiarity  in  it,  which  is,  that  there  is  a 
bony  falx  of  fome  breadth,  but  no  bony  tentorium.  This  is  met  with  in  no  quadruped 
that  I  know  of :  it  is  found  in  a  fmal!  degree  in  fome  birds,  as  the  fpoon-bill,  and  the 
parrot ;  but  not  at  ail  fo  as  to  refemble  the  falx  in  this  animal. 

The  orifice  of  the  eye  lids  is  uncommonly  final],  for  the  Cze  of  the  animal  i  but  the  eye 
itfelf  was  not  in  a  (late  to  be  examined. 

The  external  opening  of  the  ear  was  fo  fmall  as  not  readily  to  be  perceived :  it  is 
(imply  an  orifice  ;  but  the  meatus  enlarges  confiderably  beyond  the  Gde  of  the  opening,  and 
pafles  fome  way  under  the  (kin  before  it  reaches  the  organ,  which  in  this  fpecimen  had 
been  deftroyed.  In  the  duck,  the  orifice  leading  to  the  ear  is  very  large,  when  compared 
with  the  opening  in  this  animal. 

When  we  confider  the  peculiarities  in  the  ftructure  of  the  nofe  of  this  animal,  which 
lives  in  water,  it  is  natural  to  conclude  the  organ  is  fitted  to  fmell  in  water,  and  the  ex- 
ternal noftrils  are  fo  placed,  to  enable  it  to  difcover  its  prey  by  the  fmell ;  for  that  purpofe> 
the  animal  can  apply  its  nofe,  with  great  cafe,  to  the  fmall  recedes  in  which  its  prey  may 
be  concealed. 

The  ftructure  of  the  beak  is  not  fuch  as  enables  it  to  take  a  firm  hold ;  but,  when  the 
marginal  lips  are  brought  together,  the  animal  will  have  a  confiderable  power  of  faction, 
and  in  that  way  may  draw  its  prey  into  its  mouth. 

EXPLANATION    OF    THE    FIGURES. 
Plate  XXH. 
Fig.  i.  A  view  of  the  beak!  to  (how  the  fituation  of  the  openings  of  the  external 
uoflrils,  marked  a  a. 

Fig.  2.  Another  view  of  the  beak,  expofing  the  under  portion. 

Fig-  3.  A  lateral  view,  to  fhow  the  opening  of  the  lips,  and  the  fituation  of  the  eye  and 
ear.    a.  The  eye     b.  The  ear. 

*«- 
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Fig.  4.  A  view  of  the  upper  jaw  and  palate,  to  (hew  the  teeth  in  their  titration. 
Fig.  5.  A  (imilar  view  of  the  under  jaw. 

Fig.  6.  The  bones  which  form  the  beak  delineated,  and  the  foft  furrouuding  parts  only 
marked  in  outline. 
Fig.  7.  A  (imilar  view  of  the  bones  forming  the  lower  portion  of  the  beak. 
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To  Mr.  NICHOLSON. 


Kendal,  Jan.  20,  1801. 

1VJ.R.  Baker  and  Sig.  Spnlanzanl  have  obferved  and  defcribed  various  aquatic  ani- 
malcule which  fufFcr  apparent  death  when  deprived  of  water,  but  relume  their  figure  and 
all  their  natural  functions  upon  being  reftorcd,  at  a  future  period,  to  their  native  element^ 
The  latter  gentleman  has  alfo  extended  his  enquiries,  in  hopes  of  finding  (imilar  examples 
in  the  vegetable  kingdom,  but  with  little  fuccefs;  one  or  two  fpecies  of  tremella  being  all 
the  plants  he  difcovered  anfwering  his  expectations* 

Notwithstanding  the  great  indutiry  of  this  celebrated  naturalift,  a  plant  more  perfect  in 
its  ltructure  than  the  gelatinous  fubltances  competing  the  genus  tremella,  appears  to  have 
efcaped  his  notice ;  which  polTelTes  in  a  high  degree  the  faculty  of  dying  apparently,  and 
reviving  again,  in  order  to  accommodate  itfelf  to  the  vicifTttudes  of  its  notation. 

The  plant  upon  which  nature,  or  more  properly,  the  author  of  nature,  has  bellowed  this 
remarkable  property,  is  the  lerana  minor,  or  common  duck's  meat.  Some  remarks  which 
I  made  accidentally  on  a  pond  covered  with  duck's  meat,  in  the  beginning  of  July,  1797, 
induced  me  to  imagine  that  this  little  plant  could  hardly  preferve  its  existence  during  a  long 
fit  of  dry  weather;  unlets  it  refembles  the  wheel  animal,  in  fuffering  a  kind  of  temporary 
death  when  deprived  of  water ;  and  afterwards  experiencing  what  may  be  called  a  refur- 
rection  to  a  fecond  life,  upon  receiving  a  frefh  fupply  of  its  native  fluid. 

In  order  to  difcover  in  what  degree  the  lemna  pofflelTes  a  power  of  accommodating  itfelf 
to  the  inconveniences  of  its  fituation,  the  following  experiments  were  made.  A  quantity 
of  the  plant  was  cxpofed  for  four  or  five  hours  to  the  fun,  in  which  time  it  became  per- 
fectly dry  i  a  number  of  leaves  which  had  undergone  the  preceding  procefs,  and  appeared' 
dead  and  withered,  were  placed,  at  the  end  of  two  dayj,  in  a  jar  of  frefh  water,  where 
they  revived  immediately,  and  continued  apparently  in  a  healthy  Hate  for  three  weeks; 

when 
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when  an  end  was  put  to  the  experiment,  from  a,  convi&ion,  that  putrefaction  would  hate 
deftroyed  the  plants  in  a  much  (horter  time,  had  the  indications  of  life  exhibited  by  them 
proved  delufive. 

The  foregoing  fact  appeared  to  me,  at  the  time  of  its  difcovery,  a  furpriGng  inftance  of 
fuTpended  animation  in  a  vegetable  ;  but  a  fimilar  trial,  made  at  a  fubfequent  period, 
afforded  a  more  extraordinary  proof  of  the  existence  of  an  accommodating  principle  in  the 
fame  plant.  A  number  of  leaves,  which  were  dried  with  thofe  ufed  in  the  laft  experiment, 
had  been  accidentally  preferved  in  a  fmall  box,  from  the  beginning  of  July,  1797,  to  the 
end  of  March,  1  goo.  Being  convinced  by  trial  that  the  plants  were  Hill  living,  notwith- 
standing their  long  continuance  in  what  may  be  called  a  torpid  ftate,  I  placed  feveral  of 
them  in  a  glafs  jar,  which  was  furnifhed  with  a  fmall  fyphon,  for  the  purpofe  of  changing 
the  water  from  time  to  time.  The  plants,  treated  in  this  manner,  not  only  revived  after 
remaining  in  a  ftate  of  apparent  death  for  more  than  two  years,  but  retained  fuHicient 
vigour  to  produce  complete  parts  of  fructification  in  Auguft,  which  is  the  proper  flowering 
feafon  of  this  fpecies  of  lemna. 

Various  fpecies  of  conferva  and  tremella  might  be  pointed  out  as  endued  with  the  pro- 
perty under  confideration  ;  but  I  lhall  only  mention  one  circumftance  of  the  kind  at 
prefent.  When  ponds  dry  up  in  the  fummer,  the  fediment  left  behind  forms  a  paper-like 
fubftance  on  their  bottoms  :  if  a  piece  of  this  fuhftance  he  put  into  water,  it  turns  green  in 
a  few  minutes,  on  account  of  the  different  conferva;,  which  enter  into  the  compofition  of 
this  natural  paper,  and  revive  upon  their  being  faturated  with  their  proper  fluid. 

The  principle  of  accommodation  that  forms  the  fubject  of  the  prefent  eifay,  is  not  con- 
fined  to  aquatic  vegetables ;  for  in  the  courfc  of  my  examination  of  the  fubjett,  I  found  it 
in  the  vegetating  germs  of  the  feftuca  vivipara;  feveral  of  which  produced  perfect  plants 
after  being  kept  dry  fome  of  them  four,  and  others  five  weeks.  The  knowledge  of  this 
circumftance,  and  the  information  I  received  that  barley  does  not  lofe  the  power  of  fprout- 
ing  by  being  malted,  determined  me  to  enquire  more  carefully  into  the  nature  of  feeds  in 
this  refpect,  and  I  fixed  upon  peafe  for  the  experiment.  With  this  view  I  permitted  a 
number  of  them,  which  had  been  moiftened  for  the  purpofe,  to  germinate  for  three  days, 
and  then  dried  them  again,  by  ihe  application  of  a  gentle  heat :  on  foaking  them  afrefh  in 
water,  and  expofiiig  them  to  the  air,  the  procefs  of  germination  recommenced,  not  by  the 
production  of  new  parts,  for  the  former  fprouts  revived,  and  advanced  in  growth  as  if  no 
interruption  had  been  prcvioufly  offered  to  them.  A  repetition  of  the  laft  experiment, 
roadt  with  the  fame  peafe,  gave  a  fimilar  refult ;  but  a  third  attempt  failed,  becaufe  the 
feed  lobes  parted,  their  mutual  connection  being  nearly  broken  before  the  prefent  trial, 
by  the  enlargement  of  the  germs,  and  the  treatment  they  had  received. 

The  preceding  experiments  fecm  to  fugged  and  authorize  the  following  conclufions. 
ift.  The  analogy  which  has  been  (hewn  in  many  cafes  to  connect  vegetables  with 
animals,  becomes  more  extenfive  the  farther  we  carry  our  researches;  of  the  truth  of 
which  the  prefent  eifay  affords  an  example. 
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2d.  This  analogy  appears  to  be  a  neceffary  provifion  in  the  inftance  under  con- 
fideration,  which  enables  a  certain  defcription  of  organic  beings  belonging  to  both  king- 
doms, to  accommodate  themfelves  to  the  vicHEtudes  of  a  (ituation  variable  in  its  nature, 
and  to  preferve  not  only  the  life  of  the  individual,  but  perhaps  the  exiftence  of  the 
fpecies,  by  fubmitting  to  a  temporary  death,  or  more  properly  a  compieat  fufpenfion  of 
animation. 

The  feeds  of  land  plants,  which  germinate  on  the  furface  of  the  ground,  being  expofed 
to  the  inconveniences  of  the  weather,  in  common  with  aquatic  plants  growing  in  (hallow 
ponds,  are  provided  with  the  fame  principle  of  accommodation  to  infure  their  fafety.  The 
exiftence  of  this  falutary  property  is  confirmed  by  experiment ;  but  our  knowledge  of  the 
nature  of  vegetables  is  as  yet  too  limited  to  difcover  the  Angularity  of  conftitution  from 
which  it  refults  \  we  fee  the  wifdom  of  the  contrivance,  but  cannot  invcftigate  the 
caufe. 

4th.  The  peculiarity  of  conftitution,  which  diftinguimes  viviparous  plants  appears  to  be 
this :  germs  of  this  defcription  begin  to  fprout  when  their  feed  lobes  have  imbibed  a  quan- 
tity of  humidity  too  fmall  to  fuffice  in  common  cafes ;  for  which  reafon  they  frequently 
vegetate  on  the  ftem  of  the  parent  plant. 

This  opinion  is  corrobated  by  the  following  fads : 

ift.  All  feeds  germinate  when  placed  in  the  air,  having  their  lobes  faturated  with  water : 
on  the  contrary,  they  begin  to  rot  when  the  quantity  abforbed  by  them  is  too  little. 

ad.  The  proportion  of  water  required  to  produce  faturation,  in  equal  weights  of 
different  feeds,  is  different. 

3d.  Sonrc  plants,  fuch  as  the  polygonium  viviparum,  are  only  viviparous  in  wet 
feafons. 

I  am,  SIR, 

Your*s,  &c. 

JOHN  GOUGH. 


VIII. 

Extracl  of  a  Letter  from  Doclor  G.  Af.  to  Dr.  William  Babington,  dated  Freiberg^  Dec.  1 7, 
1800.  On  the  State  of  Gahanifm  and  other  fcientific  Purfuits  in  Germany.  Communicated 
by  Dr.  Eamington. 

My  Dear  Doctor, 

JL  HAVE  long  been  waiting  for  an  opportunity  of  making  you  fome  return  for  the  very 
valuable  and  interefting  intelligence  in  your  laft,  and  now  feize  the  earlieft  occaGon 
of  giving  you  fome  account  of  the  galvanic  labours  in  Germany;  not  but  that  I  think  it 
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portiWe  that  you  have  already  anticipated  them  in  England  ;  they  are,  however,  of  fuch  an 
important  nature,  that  I  think  it  advifeable  to  give  them  to  you  on  chance.  The  principal 
galvanic  difcoverer  here  is  a  young  man,  called  Ritter,  at  Jena,  in  Saxony:  about  two 
years  fincc  he  published  the  refult  of  his  almoft  innumerable  experiments,  in  which  he 
eftablifhed  all  its  laws,  and  anticipated  almoft  all  the  newer  experiments.  Unfortunately 
the  book  was  written  very  obfeurely,  and  was  ftill  more  obfeured  by  the  language  of  the 
newer  philofophy  ;  and  the  author  having  neither  enemies  who  were  iuterefted  in  bringing 
him  into  difcredit,  nor  friends  who  were  defirous  of  drawing  him  out  of  obfeurity,  his  work 
remained  little  known  and  lefs  noticed-,  he,  therefore,  gave  up  in  a  great  meafure  the 
fubjeft,  and  applied  himfelf  to  other  purfuits,  till  a  few  months  fiace  the  general  intereft 
bellowed  upon  the  fubject  reanimated  his  zeal.  Having  fatisfied  himfelf  that  by  palling  the 
galvanic  influence  by  meana  of  gold  wires  through  water,  the  oxygen  gas  alone  was 
given  off  at  the  extremity  of  the  wire  connected  with  the  zinc  end,  and  the  hydrogen  gas 
from  that  communicating  with  the  filver  end  of  the  pile,  he  reafoned  thus.  If  each  particle 
of  water  be  compofed  of  a  paiticle  of  hydrogen  and  another  of  oxygen,  how  can  the  cor- 
refponding  gafeous  panicles  lirfl  make  their  appearance  at  the  extremities  of  the  rc- 
fpettive  wires,  placed  at  one  inch  diftancc  f  can  it  be  fuppofed  that  the  particle  of  water 
is  at  one  and  the  fame  time  at  the  extremity  of  each  wire .' — this  fuggefted  to  him  to  inter- 
pofe  fome  fubilance  between  the  extremities  of  the  wires,  which  was  at  the  fame  time  ca- 
pable of  conducting  the  galvanic  influence,  and  of  remaining  perfectly  unaltered  by  it- 
Such  a  fubttance  prefented  itfelf  in  highly  concentrated  fulphuric  acid :  in  a  tube  of  the  ad- 
joining figure  6,  plate  XXI.  he  poured  a  portion  of  the  acid,  the  upper  parts  he  rilled  carefully 
with  water,  in  which,  hy  means  of  cork,  be  introduced  two  gold  wires  within  a  fhort  diftancc  of 
the  futface  of  the  acid.  On  fullering  the  galvanic  influence  to  pafs  through  it,  the  water  in 
the  leg  a  being  connected  with  the  zinc  afforded  oxygen  gas  alone,  while  that  in  the  leg  b 
communicating  with  the  filver,  gave  hydrogen  gas ;  and  this  evolution  of  gas,  as  in  all  other 
cafes,  continues  fo  long  as  the  galvanic  chain  remains  uninterrupted.  To  obviate  the  objec- 
tions which  might  be  made,  that  perhaps  one  or  other  of  the  gafes  made  its  way  through  the 
acid,  he  contrived  the  following  experiment.  He  filled  two  tubes  a  and  *,  fig.  ;,  half  with 
acid,  and  the  remainder  with  water  ;  in  each  two  gold  wires  were  introduced,  in  fuch  a 
manner  that  the  extremities  of  the  uppCT  were  furrounded  with  water,  while  the  lower 
remained  immerfed  in  acid,  and  were  connected  at  z.  The  effect  was  precifely  the 
fame :  fo  long  as  the  tubes  flood  in  the  chain,  and  the  wire  a  was  connected  with  the  zinc, 
the  water  in  that  tube  fumifhed  oxygen  gas  alone,  and  the  water  in  b  hydrogen  gas  ;  but  no 
fooncr  was  the  manner  of  connection  reverfed,  than  the  reverfe  took  place.  Laftly,  to  re- 
move the  objection  that  thofe  two  procefies  are  dependant  on,  and  infeparable  from,  one 
another,  he  placed  a  Angle  tube  filled  in  the  above  manner  in  the  chain.  As  long  as  the  wire 
immerfed  in  water  was  connected  with  the  zinc,  oxygen  gas  alone  prefented  itfelf ;  but  when 
it  was  turned  towards  the  filver,  hydrogen  gas ;  thus  it  is  proved,  that  water  under  certain 
circumftances,  may  be  wholly  converted  into  oxygen  gas,  and  under  others,  into  hydroger 
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£05 :  the  rationale  of  this  phenomenon  is  as  yet  in  obfeurity.  One  philofopher  accounts  for 
it  thus;  that  water  +  light  gives  oxygen  gas,  and  water  +  heat  hydrogen  gas ;  when 
thefe  two  gafes  are  decompofed,  the  ponderable  part  prefents  itfelf  once  more  under  the 
form  of  water,  and  the  fire  efcapes.  Others  propofe  the  following ;  that  oxygen  gas  is  water 
+  pofitive  electricity  {  and  hydrogen  gas,  water  +  negative  electricity-  This  feems  coun- 
tenanced by  numerous  obfervations,  among  others  by  fome  already  made  in  England,  viz. 
that  the  electrometer  is  a  (Ft  fled  negatively  on  being  prefented  to  the  zinc  extremity  of 
the  galvanic  battery,  and  pofitively  at  the  filver  end.  I  fuppofe  I  need  not  tell  you  that  the 
atomiflic  fyftem  is  almoft  entirely  exploded  in  Germany,  and  the  dynamic  fubitituted  in 
its  ftcad;  confequcmly,  in  place  of  the  term  mu/tn;  the  phrafe  fpaeefilHng  Is  employed. 
Thus,  according  to  the  neweft  feet  of  natural  philofophy,  water  is  the  only  fpacefilling  in 
nature  that  gravitates,  and  when  united  to  electricity,  fumilhes  the  principal  gafes  as  fcen 
above  j  but  when  to  water,  magnetifm  is  fupcrinduced,  their  cohefion  is  the  confequence, 
and  the  different  foiids  are  the  products :  the  varieties  in  thefe  refult  from  the  predominance 
of  carbon  or  azote ;  the  former  being  water  +  the  north  pole  of  the  magnet,  and  the  latter 
water  +  the  fouth  pole.  Water  itfelf  is  perfeft  indifference,  being  neither  electric  nor 
magnetic,  yet  the  fruitful  parent  of  all ! — This  theory,  certainly  very  fimplc,  and  poffibly 
very  fublime,  will  probably  appear  as  extraordinary  to  you,  who  are  funk  in  the  quagmire 
of  matter,  as  it  did  to  me.  You  arc  probably  well  acquainted  with  the  progrefs  the 
Parisian  chemifts  have  made  in  the  decompofitiou  of  the  alkalis  and  alkaline  eanhi :  their 
compound  nature  has  ever  been  the  opinion  of  Mr.  Werner,  from  the  incontrovertible  facts 
which  geognoftic  obfervations  furnifh  ;  there  can  alfo  be  no  doubt  but  the  filex,  argil,  Sec. 
are  equally  compounded.  I  have  lately  repeated  Guyton's  experiments  with  the  alkaline 
folutions  of  (ilex  and  argil :  when  thefe  are  well  concentrated  and  mixed  in  equal  proportion, 
a  firm,  gelatinous,  opulefcent,  mafs  refults  in  a  very  few  minutes;  this  is  perfectly  in- 
foluble  in  water,  yet  foluble  in  acids,  whether  concentrated  or  diluted,  nay,  even  in 
diililled  vinegar,  and  yet  confifts  of  both  filex  and  argil :  here,  therefore,  the  properties  of 
the  Glex  mud  be  confidcrably  altered.  This  mult  render  all  analyfis  with  alkalis  fufpicioui, 
and  fhows  on  what  fallacious  grounds  the  proud  dominion  of  chemiftry  rcfts,  which  (he 
has  exercifed  fo  long  in  fuch  an  arbitrary  and  overbearing  manner  in  the  mineral 
kingdom.  *  *  •  •  " 
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IX. 

On  Ike  Chemical  Effecli  of  iht  Pile  ofVotta.     By  a  Cotrtfpondent. 

LETTER    IL 

To  Mr.  NICHOLSON. 


SIR, 


1  HOPE  I  (hall  not  trefpafs  too  much  on  your  time  by  inditing  a  little  further  on  the 
difficulty,  which  I  took  the  liberty  of  fubmitting  to  you  refpecting  the  decomposition  of 
water  by  the  Pile  of  Volta,  and  which  you.  honoured  by  inferring  in  your  truly  valuable 
Journal.  I  am  not  at  all  difpofcd  to  believe  that  chemical  effects,  dependant  on  each  other, 
Should  always  take  place  clofe  to  each  other ;  although  I  contend  that  we  Should  be  able  to 
aScertain  the  caufe  which  produces  a  deviation  from  local  proximity. 

That  tome  distance  of  time  intervenes  between  chemical  effects,  fome  experiments,  in 
which  I  have  been  engaged  for  a  confiderable  time,  have  fully  convinced  me.  I  have  long 
thought,  that  as  Nature  produce*  lb  me  of  her  moft  curious  and  perfect  combinations  by 
very  (low  and  regular  proceffes,  that  as  fhe  deftroys  her  fined  productions  when  (he  operates 
at  high  temperatures  in  volcanic  countries,  where  every  thing  alike  ail  times  the  forms  of 
cinders,  aflies  and  lava,  that  the  ufual  modes  of  operating  chemically  are  defective  in  as  far 
as  we  with,  by  the  application  of  great  degrees  of  heat  and  fudden  ftrong  attractions  by- 
mixture,  lo  produce  immediate  rcfuits  in  new  combinations  and  new  Substances.  I  have 
fucceeded  in  reverting  many  acknowledged  attractions,  by  only  giving  time  for  the  proper 
arrangement  of  the  particles.  I  ihall  mention  one  decomposition  which  requires  a  very 
confiderable  time  for  its  production.  Why,  if  the  attractions  tend  one  way,  they  do  not 
inftamly  arrange  tbemfclves,  I  cannot  at  prefent  determine.  Having  found  that  a  folution 
of  fulphuret  of  pot-afh  attracts  oxygen  from  the  atmofphere,  I  thought  it  might  be  em- 
ployed for  the  decomposition  of  the  carbonic  acid.  With  this  view,  I  inclofed  in  a  bottle 
a  quantity  of  carbonate  of  lime,  and  a  ftrong  folution  of  fulphuret  of  pot-afh.  I  Shook 
them  well  together,  but  I  did  not  obferve  any  change  after  a  confiderable  time.  The  bot- 
tle, however,  remained  in  my  room  clofely  flopped  for  fix  months,  when  I  obferved  that 
the  fides  of  it  were  covered  as  high  as  the  folution  reached  with  a  black  powder,  which  had 
the  properties  of  charcoal.  I  could  produce  many  other  inftances  to  prove  that  combina- 
tions will  lake  place,  as  it  were  fpontaneoufly,  if  time  be  allowed  for  proper  arrangement. 
Organized  fubftr.nces  in  particular  afford  very  finking  inftances,  Phofphorus,  though  fo 
Strongly  attached  to  oxygen  in  animal  fubftances,  is  neverthelefs  frequently  Separated  by  a 
flow  decomposition. 

In  the  experiment  of  the  vegetations  of  a  metal  by  means  of  zinc,  which  you  produce  as 
a  parallel  fact  to  the  decomposition  of  water  from  the  pile,  I  find  fome  modes  of  reafoning 
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which  Teem  diffident  to  account  for  the  phenomenon.  The  laws  of  cryfhlltzition  will 
apply  to  explain  why  the  lead  affumes  a  regular  figure,  as  other  metals,  far  inflance  tin, 
alTume  their  own  forms.  You  may  alfo  have  remarked  that,  when  a  metal  is  diffolviiig  in 
an  acid,  the  folution  defcends  through  the  folvent  (as  happens  in  the  oxidation  of  copper 
by  wires  of  that  metal  in  water,  and  connected  with  the  pile)  according  to  the  increafed 
fpecific  gravity  of  the  newly  formed  compound.  It  is  alfo  known,  that  there  are  different 
degrees  of  fatiiratioti  between  metals  and  acids,  which  may  take  place  as  the  heavier  fluid 
defcends ;  for  you  will  obferve  [hat  the  vegetations  generally  take  place  downwards.  I 
have  obferved  that,  when  zinc  is  placed  in  a  fatu  rated  folution  of  lead  or  tin,  a  very  con- 
fufed  mafs  of  precipitated  metal  forms  very  foon  around  it,  and  that,  in  order  to  produce 
fine  cry  Utilizations,  it  is  neceffary  to  add  a  large  proportion  of  water  1  this  feems  to  fhew 
that  the  defcent  of  the  new  metallic  folution  has  fome  fliare  in  producing  the  effect.  But 
in  thefe  experiments  continuity  is  preferved,  and  the  fame  effects  arc  produced  in  every 
crystallization  of  any  falls. 

It  appears  to  me  therefore  that  the  reparation  of  the  two  gafes  from  the  connection  with 

^the  pile  of  Volta,  is  an  anomalous  effect  in  chemiftry,  as  yet  unexplained  according  to  the 
doctrine  of  the  decompofition  of  water.  It  has  been  a  long  time  known  that  pcfitive  and 
negative  electricity  have  different  properties;  It  is  now  clearly  fliewn  that  they  produce 
different  chemical  effects.  1  do  not  fee  how,  in  ftrict  philofophy,  we  are  warranted  in 
faying  more  of  the  experiment  with  the  pile,  than  that  one  kind  of  electricity  and  water 
produce  one  kind  of  gas,  and  the  other  another  gas.  Is  it  not  an  affumption  in  this  ex- 
periment to  fay,  that  the  bafes  of  the  gafes  are  the  component  parts  of  water '  I  could 
ftart  other  difficulties  even  where  there  appears  to  be  a  clearer  proof  of  the  decompofition 
of  water,  but,  fearful  left  I  fhould  have  already  too  much  impofed  upon  your  kindnefs,  I 
haftcn  to  fubferibe  myfclf, 
Your  obedient  humble  Servant, 
: 


AN   EXPERIMENTALIST. 


January  20,   1801, 
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Anatyfti  of 'the  Mellite,  or  in  German,  Honigftein.    By  Cn.  Vav$u$,lih* 


HE  analyfes  which  Meflrs,  Abich  and  Lampadius  have  given  of  this  interefting  foffil 
are  well  known.  The  firft  obtained  from  one  hundred  parts,  16  carbonate  of  alurm'ne, 
4  carbone,  3  oxyde  of  iron,  49  carbonic  acid,  28  water  of  cryftallization,  having  a  fmell 
of  bitter  almonds,  and  5.5  of  Naptha. 

*  AnnaUs  Jc  CUntf  XXXVI.  ioj. 

3U2  The 


S 16  An&lyfu  of  the  Melltte  or  Honigjlan. 

The  fecond  had  for  his  refult  86.4  of  charcoal,  3.5  petroleum,  2  (ilex,  and  3  of  water 
of  cryftaliiz.Uion,     An  enormous  difference  *. 

Mr.  Abich  propofes  on  account  of  the  incombuflibility  of  the  honigftein,  that  it  fhould 
be  removed  from  the  clafs  of  combttfUbles,  and  placed  in  that  of  the  alurtiines. 

But  Mr.  Klaproth,  whofe  labours  are  intitlcd  to  the  higheft  confidence,  wrote  me  fo 
veral  months  ago,  that  he  has  difcovercd  that  this  pretended  ftone  is  compofed  of  a  pecu- 
liar vegetable  acid  united  to  alumitie. 

Mi  Abildgnaard,  to  whom  I  am  indebted  for  many  interefting  minerals  of  Norway,  Tent 
me  fome  decades  ago,  by  favor  of  M.  Mantcy,  a  ftnall  quantity  of  honigftein,  of  which  lie 
had  defigned  part  for  analyfis  :  and  I  haftencd  to  comply  with  his  wilb  in  that  refpect. 

Deferlptitn  of  the  Honigjlein. 

This  fubftance  lias  a  light  yellow  colour,  which  has  cmfed  it  to  obtain  the  name  of 
mellite,  or  honey  ftone.  It  h  ufually  cryftallized  in  an, octahedron,  of  which  the  angles 
are  fometimes  replaced  by  faces,  owing  to  laws  of  diminution,  of  which  the  laws  have  not 
yet  been  limited. 

Its  fpectfic  gravity  is  not  confiderable.  It  is  according  to  M.  Abich  1.  666.  It  is  four.J. 
in  Thuringia  in  ftrata  of  foflil  bituminous  wood. 

I.  Chankal  Charoiiir  of  Honigjtthu 
When  expofed  to  fire  with  the  contact  of  air  it  becomes  white,  and  burnt  without  be- 
coming fenfibly  charred  j  it  leaves  a  white   matter,  which  produces  a  (light  effervefcencc 
with  acids.     It  has  no  fenfible  tafte  ;  though  if  it  be  kept  for  fome  time  on  the  tongue,  it 
occafions  a  (light  impreflion  of  acidity. 

II.  ANALYSIS. 

I  took  two  grammes  of  the  honigftein  reduced  to  powder,  and  mixed  them  with  four 
grammes  of  faturated  carbonate  of  pot-alb.  diflblved  rn  a  fufficicnt  quantity  of  water.  As 
foon  as  the  mixture  was  made,  an  effcrvefcence  of  confiderable  activity  followed,  without 
the  affiftance  of  foreign  heat ;  but  to  accelerate,  and  more  effectually  to  complete  the  de- 
compofition  of  this  fubftance,  I  (lightly  heated  it  on  a  fand  bath. 

The  filtered  liquor  after  cooling  was  of  a  browniih  colour,  and  left  on  the  filtering  paper 
a  brown  matter,  which  when  dried  in  the  fun  weighed  very  nearly  0.8  of  a  gramme. 

»  If  M.  Lampadius  operated  upon  the  fame  fubftance  as  Mr.  Abich  ami  myfelf  have  analyied,  it  k 
lUipoflible  he  could  have  had  86. 4.  of  carbone;  for  in  forty  parts  of  carbonic  acid,  and  four  of  carbone,  ob- 
tained hy  Mr.  Abich,  there  is  not  the  mailer  to  form  eighty-fix  of  carbon*  1  and  as  from  my  analyfis  it 
appears  to  me  that  there  is  not  more  than  55  per  cent,  of  real  acid  in  the  honigftein,  it  is  evident  that  Tt 
cwtawt  afford  eighty-fix  of  charcoal.  It  mult  therefore  neciflaiily  follow,  either  that  Mr.  Lampadius  did 
operate  upon  another  fubftanee,  or  that  he  did  not  heat  it  fuSkieiitly  to  dtcompole  the  acid,  if  he  did  in 
U& operate  upon  the  honigftein. 
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weighed   only  0.J3   gramme.     When  mixed  with  diluted   fulphuric  acid,  it   produced  a 
flight  efiervefcence.     The  mixture  was  afterwards  evaporated  to  drynefs. 

I  expected  from  the  information  of  Mr.  Khproth,  that  by  the  addition  of  water,  nearly 
the  whole  of  this  mailer  would  have  been  diffblved  ;  but  the  contrary  happened,  for  the 
greatcftpart  remained  in  the  form  of  a  white  powder. 

The  fluid  being  evaporated  to  the  point,  at  which  there  remained  at  mod  not  more  than 
three  ot  four  "grammes,  I  added  one  drop  of  fulphate  of  pot-afh,  and  obtained,  by  leaving 
it  to  fpontaneous  evaporation,  about  0.1  gramme  of  alum,  mixed  with  a  fmall  quantity  of 
fulphate  of  lime. 

I  afterwards  examined  what  might  be  the  nature  of  the  fubftance,  which  aftd  the  treat- 
ment with  fulphuric  acid  remained  infoluble  in  water. 

For  this  purpofe  I  boiled  it  in  a  folution  of  carbonate  of  pot-afh  ;  then  filtered,  wifhed* 
and  examined  it  as  follows  : 

1.  The  muriatic  acid,  diluted  with  two  parts  of  water,  attacked  it  with  a  flight  effer- 
vefccncei  but  the  folution  did  not  become  clear;  on  the  contrary  it  remained  fomewhat 
milky. 

2.  This  filtered  liquor  afforded  with  ammonia  a  precipitate  refembling  in  its  tranfpa- 
rency  that  which  aiumine  affords  by  the  fame  means;  but  it  was  not  entirely  foluble  in 
pot-afh. 

But  the  ponton  diffblved  by  the  pot-afh  was  the  moft  abundant,  and  prefentcd  all  the 
characters  of  aiumine :  for  when  combined  with  the  fulphuric  acid  it  afforded  alum.  Tha 
caufe  why  this  portion  did  not  remain  combined  with  the  fulphuric  acid  was  therefore, 
moft  probably,  that  it  had  been  too  much  heated  towards  the  end  of  the  deficcation. 

The  fluid  from  which  the  ammonia  had  feparated  the  aiumine  hit  mentioned,  afforded 
alio  flight  precipitates  by  the  carbonate  of  pot-afh,  and  the  oxalate  of  ammonia;  which 
proves  that  it  contained  a  fmall  portion  of  lime. 

The  pottion  of  matter  which  was  not  diffblved  by;  the  pot-afli,  weighed  at  moft  0.1 
gramme,  and  appeared  to  me  to  be  filex. 

The  honigitein  therefore  contains  a  fmall  portion  of  lime  and  of  Clex. 


After  having  afcertained  the  matter  which  compofecl  my  refidue,  I  directed  my  opera- 
tions to  the  liquid  which  muft  have  contained  the  acid  of  mellite  combined  with  pot-afh  i 
and  with  the  expectation  that  it  would  yield  its  balls  to  the  mineral  acids,  I  added  to  a. 
portion  of  the  liquid  fome  drops  of  nitric  acid,  which  produced  a  very  flight  eflervefcence, 
and  difengaged  3  very  fmall  portion  of  brown  flocculent  matter.  Some  hours  afterwards, 
that  which  1  fufpected  came  to  pafs ;  the  acid  of  the  mellite  cryftallized  in  the  form  of 
[mall  fhort  prifms  with  brilliant  faces. 
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Finding  that  this  method  would  fucceed  for  feparating  the  whole  of 
pot-afh,  I  Rightly  heated  the  whole  of  the  fluid,  and  added  nitric  acid  till  (here  was  an 
excefa  perceptible  lo  the  tafle.  I  then  filtered  to  feparate  the  brown  flocculent  mitter,  and 
obtain  die  acid  in  a  ftate  of  greater  purity ;  and  in  effect  I  obtained  about  1.34  grammes, 
which  was  while  enough,  though  ftill  of  a  yellow  tinge.  The  following  are  the  properties 
which  prefeutcd  themfelves  on  its  mixture  with  different  fubftances. 

1.  This  acid  has  brilliant  facets,  confiderable.hardnefs,  flight  acid  tafle,  accompanied 
with  biuernefs,  which  may  arife  from  fome  portions  of  bitumen  flill  attached  to  it,  and  to 
which  it  owes  its  yellow  colour. 

j.  A  portion  of  this  acid  expofed  to  the  flame  of  the  blow  pipe,  gave  at  full  a  few  fcin  - 
ttllations  like  thofe  of  falt-petre  j  after  which  it  fwelled  up,  and  left  a  fubftancc  that  foon 
penetrated  the  charcoal. 

3.  When  heated  in  a  covered  crucible  of  platina  it  fwelled  up  at  firft,  afterwards  became 
charred,  without  affording  an  oily  flame,  and  left  a  light  coal  which  is  very  alkaline  *.  This 
acid  was  therefore  combined  with  a  certain  quantity  of  thepot-afh,  notwithftanding  the 
excefs  of  nitric  acid  which  had  been  added  to  its  folution.  The  fame  effect,  alfo  takes  place 
with  the  tartareous  and  oxalic  acids,  which  by  Gmilar  treatment  are  made  to  pafs  to  the 
ftate  of  acidules. 

\.  This  acid  is  fparingly  foluble  ;  but  I  have  not  exactly   determined  the   quantity 
water  which  it  requires. 

5.  Several  grammes  of  the  fame  acid,  diffblved  in  water,  were  mixed,  1.  with  a  folution 
of  lime:  in  which  a  white  flocculent  precipitate  was  immediately  formed,  that  foon  fell  to 
the  bottom  of  the  fluid.  1.  With  a  folution  of  fulphate  of  lime,  in  which  a  light  granu- 
lated and  cryftallized  precipitate  was  found,  that  left  the  water  ftill  in  a  certain  degree 
tranfpnrent ;  but  which  was  increafed  and  rendered  flocculent  by  the  addition  of  one  drop 
of  ammonia  t.  3.  With  the  folution  of  muriate  of  barytes  it  affords  little  precipitate  the 
firft  moment,  but  foon  afterwards  a  fhower  of  cryftals  in  needles.  4.  With  the  folution 
of  filvcr  it  gives  a  white  filky  precipitate,  which  fhines  like  a  folution  of  foap  :  and  fome- 
tirae  afterwards  it  fub fides  in  the  form  of  powder.  5.  With  the  nitric  folution  of  lead  it 
affords  a  white  pulverulent  very  heavy  precipitate.  6.  With  that  of  mercury  a  white  pre- 
cipitate, which  a  fingle  dop  of  ammonia  turns  black. 


ice 


/ith  the  acidulous  taitritt  of  pot-afh  by  this  property.     For 
le  time  of  its  decomposition  a  denic  fume,  of  a  peculiar 


*  This  acid  mull  not  be  confounded 
Utter  fwells  up  much  more,  and  emits  at 
very  diftinguifiiable  odor. 

f  The  acidulous  tarlrite  of  pot-alh  does  not  immediately  produce  a  precipitate  in  the  folution  of  ful- 
phate of  lime  i  but  twenty-four  bouts  afterwards  then  is  found  in  the  mixture  cryftals  with  very  brilliant 
facets,  compofed  of  lime  and  tartaieaut  acid.  Though  cryftalliied,  this  tartrite  cf  lime  doe»  not  rtfemble 
the  combination  formed  with  the  acid  of  honigftein,  and  the  fame  baft.     It  differs  flora  it  in  (welling  up 
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in  the  nrc,  whereas   that  is  decomposed  without  fuelling,  in  which  refpeft  it  has  a 
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From  the  refuit  of  thefe  experiments  we  fee,  that  the  acid  of  the  honigftcln  has  many 
properties  analogous  to  thofe  of  the  acid  of  forrel,  and  by  the  compnr'ifon  I  have  made,  I 
have  perceived  no  difference  but  the  following:  1.  The  precipitate  which  it  caufes  in  the 
folution  of  fulphate  of  lime  is  lefs  fpeedily  manifefted,  and  js  cryfhllinc,  inftead  of  being 
pulverulent,  like  that  which  is  formed  by  the  acidulous  oxalate  of  pot-afh.  2.  It  appears 
lefs  acid  to  the  tafte  than  the  acidulous  oxalate  of  pot-aili ;  but  this  may  depend  upon  my 
not  having  added  enough  of  nitric  acid  to  the  combination  with  pot-afh,  to  deprive  it  of  a 
fufficicnt  quantity  of  the  alkali ;  and  3.  It  fwellsup  rather  more  by  heat  than  the  acidulous 
oxalate  of  pot-afh. 

In  other  refpedts  the  fublimed  fait,  the  great  quantity  of  carbonic  acid,  and  the  little 
coal  which  the  mellite  affords  by  dtftillation,  are  facts  that  fceni  to  unite  in  proving  the 
identity  of  the  two  acids  :  for  the  habitude  of  the  fait  of  forrel  by  fire  is  the  fame  *. 

The  octahedral  figure  of  the  honigftein  appears  alfo  to  have  analogy  with  that  of  the 
oxalic  acid,  which  is  a  rectangular  prifm  terminated  by  pyramids  with  four  faces.  It  is 
only  neceflary  to  examine  the  inclination  of  thefe  faces  in  order  to  obtain  a  certainty. 

Ncvcrthelefs,  as  I  have,  had  no  more  than  about  1.34  gramme  of  this  acid  at  my  dif- 
pofal,  I  have  not  been  able  to  fubject  it  to  all  the  trials  which  would  have  been  required 
to  demonstrate  in  the  mod  abfolute  manner  its  identity  in  all  refpects  with  the  oxalic  acid. 
For  though  they  have  prefented  fimilar  phenomena  in  all  the  comparative  trials  I  have 
made,  it  is  poffiblc  that  by  other  that  might  yet  be  made,  there  might  be  found  a  fingle 
difference  which  would  dellroy  the  fimilitude. 

It  is  therefore  chiefly  with  a  view  to  engage  the  cheniifts  of  Germany,  where  this  fub- 
flance  is  more  common,  to  recommence  the  analyfis  of  honigftein,  and  to  compare  its  acid 
In  every  poffible  refpect  with  thofe  of  forrel  that  I  publiih  this  notice. 

If  my  opinion  fhould  be  confirmed  by  new  experiments,  we  (hall  then  poffefs  the  oxalic 
acid  in  all  the  three  kingdoms ;  namely,  in  the  ftatc  of  acidulous  oxalate  of  pot-afh  in  fe- 
deral kinds  of  vegetables;  in  that  of  oxalate  of  lime  in  the  human  urinary  calculi;  and 
laftty,  in  the  ftate  of  oxalate  of  alumine  in  the  bowels  of  the  earth  among  bituminous 
wood.  But  in  whatever  part  it  is  found,  it  appears  to  owe  its  origin  to  vegetable  fub- 
ftances. 


Note,  Since  the  above  notice  was  drawn  up,  I  have  thought  of  mixing  the  acid  of  ho- 
nigftein combined  with  a  final]  quantity  of  pot-afh,  with  a  folution  of  pure  fulphate  or 
alumine,  and  a  very  abundant  flocculent  precipitate  was  immediately  afforded.     On  the 

•  The  acid  of  forrel,  or  oxalic  acid,  is  that  which  affords  by  diftillatiou  the  largeft  proportion  ofcarboni': 
ncid  and  water,  becaufe  it  contains  more  oxigcii  than  any  other  known  vegetable  acid. 

4  oilier 


S20 

other  liar 


Analyfts  of  (lie  Meitiie  or  Homgfttin. 


.If 


3  the  folutic 


t-aflij 


Tame  fait  die  acidulous  oxalate 
no  precipitation  was  feen.  Now  thefe  different  effects  muft  afford  doubu  fufficiently  flrong 
refpeetlng  the  identity  of  the  acid  of  hon'igftein  with  that  oF  fcrrcl  :  and  I  muft  confefs, 
tint  I  (hall  fufpend  my  judgment  in  ihts  matter,  not  With  (landing  the  difpofition  I  had  at 
fir-ft  !o  believe,  that  thefe  two  acids  are  of  the  fame  nature.  Before  we  decide,  we  muft 
therefore  wait  for  new  proofs  derived  from  a  larger  fcale  of  experiments,  in  order  to  throw 
ajnore  dcciUvc  light  on  the  fubject. 


Cit.  Hauy  has  carefully  examined  this  fubftance.  Some  cryftals  of  it  were  prefented  to 
him  by  M.  Abildgaard,  and  he  procured  fome  others  from  the  collection  made  in  Germany 
by  Cit.  Launoy.  He  has  difcovered,  that  the  mellite  has  a  very  obvious  double  refraction, 
whence  there  arifes  a  diilintt  character  between  this  mineral  and  amber,  of  which  the  re- 
fraction is  Gmple.  He  has  obferved  like  wife,  that  the  cryftals  of  mellite  being  infulated, 
acquire  with  much  facility  the  refmous  electricity,  but  he  was  not  able  when  they  were 
not  infulated,  to  excite  in  fome  of  them  more  than  a  weak  and  varying  electricity ;  fo 
that  it  was  neceffary  to  bring  quickly  together  the  cryft.il  and  fmall  copper  needle  that  ii 
ufed  in  thefc  kind  of  experiments,  in  order  that  the  latter  may  be  more  fcnGbly  attracted. 
What  feveral  learned  men  have  advanced,  that  this  mellite  is  not  rendered  electrical  by  fric- 
tion, is  not  exactly  true  :  it  may  then  acquire  an  electricity  of  the  fame  nature,  as  that  of 
amber,  but  it  would  be  confiderably  weaker  if  the  cryftal  be  not  infulated. 

According  to  the  obfervation  of  the  fame  naturalift,  die  primitive  form  of  the  mellite 
determined  according  to  thepoGtion  of  the  natural  junctures,  is  that  of  a  rectangular  octa- 
hedron, in  which  the  incidence  of  the  face  of  one  pytamid  with  the  face  of  the  other,  is 
about  93ta-  This  octahedron  is  fometimes  truncated  by  means  of  a  decreafe,  by  an  ar- 
rangement on  all  its  folid  angles,  in  which  cafe  the  two  facets  which  are  placed  on  its 
fummits  are  often  curve  lined.  When  that  the  diminution  only  acts  on  the  four  lateral 
angles  a  dodecahedron  is  produced,  wliich  confiderably  refembles  the  rhomboidal  figure. 
Suppofnig  this  refemblancc  perfect,  this  would  be  a  fourth  origin  of  that  dodecahedron, 
which  cxifts  as  primitive  in  granite  and  fulphurated  zinc,  and  has  in  other  fubftances, 
where  it  becomes  a  fecondary  form,  fometimes  as  nucleus  a  cube,  and  at  others  a  regular 
octahedron. 

Bulktla  dts  Scunctst  AV  43.  An. 
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Mithi  of  afctrtaining  the  Inclination  »f  tit  MogHttM  Needle,     By  CtT.  Covlosb. 


X  HOUGH  the  inftrument  which  Is  ufually  employed  to  rneafure  the  inclination  of  the 
magnetic  needle  is  very  (imple  in  its  conftru&ion,  it  is  neverthclefs  liable  to  great  errors, 
which  in  general  arife  from  the  almoft  abfolute  impoflibility  of  placing  the  twedle  in  all  the 
petitions  it  can  take  in  equilibrium  with  regard  to  the  effect  of  gravitation,  that  is  to  fay, 
fo  that  its  centre  of  gravity  may  always  exactly  agree  with  the  point  on  which  it  turns. 
When  the  dimenfwns  arc-  eonfiderable,  a  new  inconvenience  arifes  from  a  degree  of 
flexure  which,  though  fcMeery  fenfible,  is  neverthelefs  productive  of  very  great  effects  from 
the  flighted  difplacement  of  the  centre  of  gravity  producing  a  combination  of  the  power  of 
gravitation  with  that  of  magneiifm. 

To  obviate  thefe  difficulties,  Cit.  Coulomb,  inftead  of  endeavouring  to  afecttain  im- 
mediately, as  has  been  hitherto  done,  the  direction  of  the  magnetic  needle  in  the  vertical 
plane  which  paries  through  the  magnetic  pole,  conceives  the  force  of  this  pole  to  be  de- 
compofed  or  refolved  into  two  others  in  the  fame  plane,  the  one  acting  in  a  horizontal, 
and  the  other  in  a  vertical  direction.  He  determines  feparately  the  intenfity  of  each  of 
thefe  laft  forces,  and  the  refult  gives  the  direction  in  which  the  magnetic  force  acts,  and 
which  a  needle  governed  iingly  by  this  force  would  take. 

Cit.  Coulomb  has  proved,  in  the  Memoirs  of  the  Academy  of  Sciences  for  the  year 
1789,  that  the  magnetic  needle  fufpended  by  its  centre  of  gravity  is  inccflantly  brought 
back  to  its  true  direction  by  a  conftant  force  at  the  fame  place  and  time.  It  thence  follows 
that  by  obferving  the  number  of  ofcillations  made  in  a  given  time  by  a  needle  horizontally 
fufpended,  the  ratio  of  the  horizontal  component  part  of  the  magnetic  power  with  gravity 
may  be  obtained.  As  to  the  vertical  component  part,  it  is  meafured  by  determining  with 
care  the  weight  neceflary  to  be  added  to  the  fouthern  part  of  the  magnetic  needle,  to 
maintain  it  in  a  perfectly  horizontal  polition.  That  being  done,  if  A  and  B  reprefent  the 
refpective  meafures  of  the  horizontal  and  vertical  component  pans  of  the  magnetic  power 

—  will  be  the  tangent  of  the  angle  made  by  their  refult  with  the  horizontal  force,  and,, 
A 

confequently,  it  will  be  the  inclination  of  the  magnetic  needle. 

In  the  experiments  made  by  Cit,  Coulomb  the  needle  had  the  form  of  a  right  angled 

parallelipipedon,  very  thin  in  proportion  to  its  breadth,  and  always  fufpended,  fo  that  its 

breadth  was  kept  in  a  vertical  plane.     Let  P  reprefent  the  weight  of  the  needle,  /  the  half 

of  its  length,  A  the  length  of  a  pendulum  that  performs  its  ofcillations  in  the  fame  time  as 

the  needle  when  it  obeys  the  magnetic  power  in  an  horizontal  plane.     Cit.  Coulomb  then 
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gives  the  formulx  to  calculate  the  momentum  of  the  magnetic  force  referred  to  the 

arm  of  a  lever  of  one  millimeter  in  length.  The  length  of  the  needle  was  417  millimetres, 
its  breadth  13,  and  its  weight  88753  milligrammes.  It  was  fufpended  horizontally  by  a 
thread  of  filk  in  a  box  well  clofed,  and  it  made  30  ofcillations  in  286  feconds,  and  by  ap- 
plying thefe  data  to  the  preceding  formula,  Cit.  Coulomb  finds  that  the  logarithm  of  the 
momentum  of  the  horizontal  magnetic  force  is  4,1740. 

Cit.  Coulomb  having  placed  his  needle  in  a  clip,  having  knife  edges,  which  refted  on 
two  cylinders  of  giafs,  in  the  manner  of  the  beam  of  a  balance,  endeavoured  firlt  to  bring  it 
to  an  equilibrium  in  an  horizontal  fituation  coinciding  with  the  magnetic  meridian,  by 
placing  the  edges  in  a  proper  manner,  and  when  they  were  fufficiently  near  the  point  where 
the  equilibrium  took  place,  he  completed  it  by  the  addition  of  fmall  weights.  He  then 
reverfed  the  poles  of  the  needle  by  the  magnetic  touch,  but  without  altering  the  pofition  of 
the  clip,  and  again  bringing  it  to  an  equilibrium  In  this  new  ftatc,  the  fum  of  the  momenta 
of  the  additional  weights  placed  in  thefe  two  operations  gave  him  the  double  of  the  n 


turn  of  the  vertical  component  parts  of  the  magnetic  force,  valued  at 
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this  force,  and  of  the  horizontal  force,  is  inclined  68°  9'. 

In  repeating  thefe  operations  three  times,  Cit.  Coulomb  obtained  fucceflively  6S°  o"; 
68°  13';  and  68°  11'.  Though  the  differences  of  thefe  refults  are  very  trifling,  he  does 
think  they  are  to  be  entirely  attributed  to  errors  in  the  obfervation  ;  for  he  is  a  flu  red  that 
they  do  not  amount  to  fo  much.  It  is  pofliblethat  the  needle  is  fubjecr.  to  variations  in  the 
vertical  fimilar  to  thofe  which  arc  known  to  take  place  in  the  horizontal  plane. 
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New  Production   of  Ammonia. 

Mr.  Lampadius,  at  Freyberg,  has  obferved  that  when  crude,  or  which  is  better,  purified 
acidulous  tartrite  of  pot-afh,  is  heated  till  no  more  fumes  or  flame  appear,  and  water  is 
then  added  to  it,  ammoniac  is  produced.  This  fail  is  bed  obferved  when  heated  mafs  is 
ftill  warm  (about  120  R.) 

The  experiment  may  be  performed  with  the  fame  tartrite  repeatedly,  or  at  leafl;  as  long 
as  any  carbonaceous  matter  remain,  by  merely  heating  it,  and  then  wetting  it  with  a  few 
drops  of  water.  Carbon  mechanically  joined  to  pot-afh  does  not  produce  this  efTcd*  -,  but 
the  acidulous  oxalate  of  pot-afh,  treated  in  the  fame  manner,  affords  a  fimilar  refult. 

CrelPi  Annals  of  Cbrmi/lry;  No.  8,  1 800. 
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Upon  trial  of  the  above  before  fome  philosophical  gentleman  at  my  houfe,  the  fume* 
which  arofe  upon  the  addition  of  the  walei  did  not  indeed  fmeil  of  ammonia,  but  they 
formed  a  white  cloud  round  the  (topper  of  a  bottle  which  was  wetted  with  ftrong  muriatic 
acid.  The  indication  was  not  fo  manifcft  as  to  remove  all  doubts  in  the  minds  of  the 
affiftants ;  but  Mr.  Aceum  has  (ince  informed  me  that  he  has  found  it  much  ftronget  and 
more  conftant  when  paper,  wetted  with  muriatic  acid,  was  ufed. 


Difcavery  ef  a   1 


■  Alkali. 


Dr.  Hahueman  *,  at  Altona,  in  Germany,  has  difcovered  a  new  fpecies  of  alkali,  which 
he  diflinguiflics  from  the  others  by  the  name  oi  pneum  alkali,  on  account  of  the  lingular 
property  it  poflefles,  of  incrcafing  in  bulk  to  twenty  times  its  lize  when  heated.  This 
alkali  differs  greatly  from  any  of  the  others,  by  the  following  properties. 

Its  cryftals  are  hexaedral  prifms,  terminated  by  two  inclined  faces,  one  of  which  appears 
to  be  trihedral,  (he  other  pentahedral: 

It  is  not  volatile  by  heat. 

It  neither  attracts  moifture,  nor  efflorefces  by  expofure  to  the  air. 

Two  parts  of  diftilled  water  diflblve  one  of  this  alkali  at  \  3000  F.  Five  hundred  parts 
of  water  diflblve  one  hundred  and  forty  parts  at  6o°  F.  At  a  lower  temperature  water  acts 
upon  it  very  flightly :  it  is,  therefore,  feparated  from  its  former  folution  by  mere  cold :  it 
may  thus  likewife  be  feparated  when  combined  with  any  of  the  other  alkalies. 

It  cirervefces  but  flightly  with  concentrated  acids ;  but  it  is  not  yet  determined  if  the 
difengaged  aeriform  fluid  is  carbonic  acid,  or  any  other  gafeous  fluid. 

The  fulphate  of  pncum-aikali  is  totally  infoluble  in  ardent  fpirit.  Water  diflblves  only 
a  fmall  quantity. 

The  nitric,  muriatic,  phofphoric,  and  acetous  acid,  readily  combine  with  it,  and  the 
neutral  faJts  refulting  from  thefe  combinations  are  totally  foluble  in  water  and  ardent 
fpirit.  The  phofphatc  and  acetite  of  pneum-alkali  are  in  confiderable  quantity  even 
foluble  by  cold  in  fpirit  of  wine. 

The  phofphate  of  pneum-alkali  has  a  bitter  tafte. 

The  muriate  cryftallifes  in  plumofe  cryftals. 

All  the  preceding  combinations  of  this  alkali  with  acids  (the  phofphate  excepted)  are 
decompofable  by  mere  heat  alone.  They  all  part  with  their  acids,  and  leave  the  pneum- 
alkali  behind  in  a  pure  Hate.  The  inventor  of  this  alkali  employed  for  this  purpofe  a  red 
heat.     If  a  lcfs  heat  will  do,  I  do  not  know. 


•  Schcrer's  Cbcra.  Journal,  III. 
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The  nitrate  of  pneum-alkali  liquifies  in  its  own  water  of  cryftalllzation  at  300°  Fr. 
It  firft  bubbles  much)  nitrogen  gas  is  evolved,  and  the  fait  is  long  decompofed  before  the 
mtfs  is  ignited.  The  nitrate  of  pneum-alkali  docs  not  detonate  on  ignited  coal,  ir  does  not 
decrepitate,  nor  does  it  become  phofphorefcent,  nor  does  it  emit  fparks.  Its  decomposition 
bjr  heat  is  affected  gradually  and  quietly, 

The  union  of  pneum-alkali  with  carbonic  acid  is  extremely  difficult.  It  is  belt  effected 
by  decompofing  a  faline  combination  of  this  alkali  with  an  excefs  of  acid,  by  means  of  any 
of  the  other  carbonated  alkalies :  the  Grit  precipitate  which  is  obtained  by  this  means,  is 
ihc  pure  pnrum-alkali  in  a  cryitalline  form  i  but  foon  afterwards  the  carbonate  appears  in 
the  ftate  of  alight,  white,  pulverulent,  earthy  fubftance.  The  carbonate  of  pneum-alkali 
readily  parts  with  its  carbonic  acid  at  the  common  temperature  of  our  climate,  and  be- 
comes converted  into  pure  pneum-alkali. 

It  feparates  earths  and  metallic  fubftances  from  their  faline  combinations. 

Mercury,  when  agitated  with  the  aqueous  folution  of  this  alkali,  does  not  lofe  its 
luftrc. 

It  precipitates  the  oxigenated  muriate  of  quickfilver  of  a  carmine  red,  the  nitrate  of 
mercury  black,  the  nitrate  of  filver  white,  &c  &c. 

It  deeompofes  muriate  of  ammoniac  at  ioo°  F  ;  but  water,  impregnated  with  ammoniac 
gas,  feparates  the  pneum-alkali  fror.i  the  neutral  combinations  by  mere  cold. 

A  faturated  folution  of  this  alkali  unites  with  fat  oils  by  mere  agitation,  and  forms  a 
faponaceous  compound,  foluble  in  fpirit  and  in  water.  Ardent  fpirit  has  no  effect  upon  it. 
It  changes  blue  vegetable  tinctures  green,  and  poffeffee  fome  of  the  properties  common 
to  the  other  alkalies,  but  again  many  others,  widely  different,  which  entitle  it  to  the  notice 
of  the  philofophical  chemiit. 

This  alkali  is  fold  at  C.  G.  Htlfcher  in  Leipzic,  in  bottles  containing  one  ounce,  at 
one  Frederic  d'or. 


Flour  from  the  Bread  Fruit. 

Citizen  Van  Noorden,  phyfician  at  Rotterdam,  has  written  to  the  (French )  Society  of  Arts, 
^hat  a  furgeon,  who  lately  arrived  from  Surinam,  informs  him,  that  the  bread  fruit  tree  has 
fucceeded  fo  well  in  that  colony,  that  there  are  conliderable  plantations,  which  are  pro- 
ductive beyond  all  expectation.  They  make  bread  from  it,  which  it  as  good  as  that 
afforded  by  wheat.  For  this  purpofe  the  fruit  is  fliccd,  then  dried  in  the  fun,  and  after- 
wards pounded  ;  and  the  flour,  when  made  into  parte  with  water,  rifes  as  well  as  the 
(lour  of  wheat,  and  may  be  kept  for  a  considerable  time.  The  expectation  which  has 
3  juftly 
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juftly  been  entertained  of  introducing  this  valuable  tree  into  the  weftern  colonies,  and  even 
into  Europe,  will  give  additional  intereft  to  this  account  of  the  new  application  of  the 
bread  fruit  at  Surinam. 

Bulletin  de  la  Societe  PhUom.  No.  44,  An.  9. 
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Extract  from  a  Memoir  of  CiU  Thenard,  on  thefeveral  Degrees  of  Oxigenation  of  the  Oxide  of 

Antimony y  and  on  its  Combinations  with  fulphurated  Hydrogen, 

Cit.  Thenard  divides  his  memoir  into  four  paragraphs. 

In  the  firft  he  relates  the  principal  experiments  that  have  been  made  fince  Geoffiroy  to 
the  prefent  time. 

In  the  fecond  he  treats  of  the  feveral  oxides  of  antimony,  and  (hews  that  this  metal  is 
capable  of  being  combined  at  leaft  in  Gx  different  proportions  with  oxygen  j  that  when 
oxided  to  the  minimum,  it  is  firft  black,  then  chefnut  brown,  orange,  yellow,  and  white » 
and  at  the  maximum  alfo  white ;— -that  diaphoretic  antimony  is  a  combination  of  this  laft  with 
pot-afh,  and  not  a  pure  oxide,  as  has  hitherto  been  imagined :  that  the  fecond,  white  oxide 
which  is  leaft  oxided,  comprehends  the  fublimed  oxide  of  antimony,  that  which  enters  with 
the  compofition  of  the  emetic  tartar,  and  alfo  of  the  butter  of  antimony,  which,  con- 
fequently,  ought  to  be  erafed  from  the  lift  of  oxigenated  muriates,  where  it  is  placed; 
that  all  thefe  oxides,  when  heated  in  a  well  clofed  crucible,  are  reduced,  and  the  more 
eafily  the  lefs  they  are  oxided ;  and  thus  produce  the  oxides  of  a  yellow,  orange,  and 
chefnut  brown,  and  the  black  oxide,  which  is  alfo  obtained  with  more  facility  by  preci- 
pitating the  folutions  of  antimony  by  iron,  and  poflefles  the  remarkable  property  of  being 
pyrophoric. 

In  the  third  part,  the  author  gives  the  analyfis  of  kermes  and  the  golden  fulphur,  and 
Ihews  that  the  alterations  to  which  thefe  bodies  are  fubjelt  from  the  a&ion  of  air  and  light  are 
owing  to  the  decompofition  of  thefe  fluids  :  that  in  the  kermes  the  oxide  is  in  the  (late  of 
the  brown  oxide,  and  in  the  golden  fulphur  in  the  ftate  of  the  orange  oxide  ;  that  the  caufe 
of  different  colours  of  the  kermes,  which  are'  obtained,  arifes  from  the  different  coloured 
oxides  which  thefe  kermes  refpe&ively  contain.  He  afterwards  gives  analyfes  of  the  fui- 
phuric  acid,  the  fulphate  of  barytes,  and  of  fulphurated  hydrogen,  together  with  the  fpecific 
gravity  of  this  laft,  and  then  proceeds  to  fhew  the  a&ion  of  the  alkaline  bafes  on  the 
fulphuret  of  antimony,  and  ihews  that  the  kermes  is  held  in  folution  by  the  fulphurated 
hydro-fnlphuret  of  Ac  baife,  formed  by  the  decompofition  of  water ;  that  accordingly  as 
this  fulphurated  hydro -fulphuret  has,  or  has  not,  the  property  of  being  more  foluble  with 
heat  than  without,  the  depofition  by  cooling  is  found  to  take  place  on  the  contrary ;  and, 

laftly, 
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laftly,  that  the  liquor  when  cold  throws  down,  by  means  of  the  acids,  the  golden  ( 
and  not  kermes,  becaufe  the  brown  oxide  becomes  more  oxided  by  the  oxygen  of  the 
water  and  panes  to  the  Hate  of  the  orange  coloured  oxide. 

In  the  third  paragraph  Cit.  Thenard  makes  a  recapitulation  of  his  experiments. 
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On  the  Stmfiure  of  the  upper  Pyreneans,  by  Cit.  Raymond.     Communicated  to  the  National 
Injlitutt  ef France. 

Pallas  in  Afia,  SaufTure,  Deluc,  and  Dolomieu  in  Europe,  have  obferved,  that  in  large 
chains  of  mountains,  there  is  ufually  in  the  center  a  mote  elevated  chain  of  granite,  ac- 
companied on  each  fide  by  a  collateral  fchiflus  chain,  and  dill  lower  by  another,  which  i; 
calcareous. 

The  Pyreneans  appear  to  accord  with  this  law.  Their  higheft  points  are  certainly  cal- 
careous, and  this  circurn ftance  has  embarrailed  obfervers. 

Cit.  Raymond  has  afcertained,  that  the  refpe£tive  difpofition  of  the  five  orders  of  moun- 
tains, exifls  no  lefs  in  thefe  than  in  the  other  chains,  but  with  this  difference,  that  the  cal- 
careous chain  on  the  Spanifh  fide  is  the  more  elevated  of  the  five,  and  that  in  returning  on 
the  fide  towards  France  the  fouthcrn  fchiflus  chain  is  found,  then  the  granite,  or  middle, 
and  the  northern  fchiilus  and  calcareous  chains,  gradually  diminilhing  in  height,  which  is 
ih«  caufe  why  the  geological  axis  of  the  Pyrenees,  or  the  granite,  is  not  the  fame  as  the 
geographical  axis,  or  that  which  determines  the  courfe  of  the  waters. 

In  order  to  demonstrate  the  accuracy  of  his  obfervations  he  has  drawn  on  the  chart  five 
lines,  correfponding  with  the  five  orders  of  the  mountains,  each  of  which  is  found  to  pafs 
through  the  fummits  or  mafles  of  the  fubftance,  which  forms  the  character  of  that  order 
which  the  line  indicates. 

The  granitic  axis  paffes  through  the  fummits  of  Neouvielle,  Pic  long,  Bergons,  and 
Monne,  the  fchiftofe  chain,  and  the  northern  Gneifs,  through  the  Pic  du  Midi,  and  the 
fottthem  through  thofe  of  Troumoufe,  Pic  mene,  Vignemale,  and  the  Pic  du  Midi 
de  Pau. 

The  calcareous  ridges  on  the  fide  of  France  are  thofe  of  Campan  and  of  Sarrancolin,  fo 
much  celebrated  for  the  marble  they  produce,  and  thofe  on  the  fide  of  Spain  form  Moot 
Perdu,  Marbote,  and  le  Pic  blanc,  which  are  among  the  mod  elevated  fummits  of  thefe 
mountains. 

Abridged  in  the  Bulletin  de  la  See.  Philom.  No.  41,  An.  8. 
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Litter  from  Air.  Davy,  Zuptr'mtetulant  of  the  Pneumatic  Inflitut'mf  containing   Notices  coti- 
teriting  Galvanifm. 

To  Mr.  NICHOLSON. 

SIR, 

In  purfuing  my  enquiries  concerning  the  production  of  galvanic  influence  during  me- 
tallic oxidation,  I  have  found  that  many  of  the  difficultly  ox  id  able  metals  may  be  made  to 
act  as  Voltean  combinations,  by  being  connected  in  pairs  in  the  common  order  with  fluids 
capable  of  oxydating  one  of  the  alternate  metals- 
Ten  filvcr  plates  attached  to  thin  gold  wires,  and  arranged  in  glafTes  containing  diluted 
nitric  acid,  produced  when  their  agency  was  applied  in  the  ufual  mode,  a  Strong  cauftic 
fenfation  on  the  tongue,  and  effected,  though  feebly,  the  ufual  changes  in  water- 

Twenty  pieces  of  copper  in  contact  with  filver  wires,  when  connected  with  weak  folu- 
tlons  of  nitrate  of  mercury  acted  powerfully,  and  that  for  a  great  length  of  time,  i,  e.  till 
almoft  all  the  mercury  was  precipitated  on  the  copper.  The  influence  produced  fenfible 
fliocks.  Whan  it  was  patted  through  water  by  means  of  gold  wires,  oxygen  was  given  out 
at  the  place  of  the  copper,  and  hydrogen  at  the  place  of  the  filvcr.  Whereas  in  the  com- 
bination with  Giver  and  gold,  the  oxygen  was  produced  at  the  place  of  the  filvcr,  and  the 
hydrogen  at  that  of  the  gold. 

The  agency  of  galvanifm  upon  inorganic  bodies  appears  to  be  Cmilar  under  all  its  dif- 
ferent modes  of  excitement.  I  have  found  that  the  gafes  evolved  from  water  by  the  action 
of  feries  tn  which  the  oxidating  fluid  media  are  acids,  or  metallic  folutions,  do  not  differ 
in  kind  or  properties  from  thofe  produced  by  that  of  combinations  in  which  the  fluid  media 
are  constituted  by  common  water. 

I  have  lately  made  many  experiments  on  the  Angle  oxidating  circles  of  Afli,  and  on  the 
influence  of  thofe  circles  on  galvanic  animal  irritation.  Thefe  experiment!  will  at  fonie 
time  be  made  public ;  they  go  far  towards  proving  not  only  that  the  circles  of  Am  are  go- 
verned by  the  fame  laws  as  the  pile  of  Volta ;  but  likewife  that  there  exifts  in  living  mat- 
ter galvanic  action  independent  of  all  influence  generated  by  metallic  oxidation.  I  have 
produced  the  phenomena  of  tafte  and  mufcular  irritation  by  means  of  metals,  in  cafes 
when  they  were  apparently  incapable  of  undergoing  chemical  change. 

I  am,  SIR, 


with  refpeft  your's, 


Dowry  Square,  Hotivelh, 


HUMPHRY  DAVY. 


5t8  Scientific  News,  Acctum  of  Bsott,  &e. 

A  new  edition  of  Parkinfon's  Chemical  Pocket  Book,  with  improvements,  is  on  the 
point  of  being  publiflied. 


Mr.  William  Henry,  of  Manchcfter,  has  in  the  prefs,  and  in  confiderable  fe-rwardnefs, 
a  fmall  work,  intended,  partly,  to  facilitate  the  acquirement  of  chemical  knowledge  to 
pcrfons  entering  ua  the  ittidy,  without  the  aid  of  an  inilnictor  -,  and,  partly,  as  a  portable 
companion,  for  the  ufe  of  more  advanced  (tu  dents.  The  fir  ft  part  will  contain  directions 
reflecting  the  beft  mode  of  (tudying  chemiftry  ;  and,  alfo,  an  arranged  feries  of  experi- 
ments, neceffary  to  be  performed,  by  thofe  who  intend  to  become  acquainted,  by  actual 
obfcrvaiion,  with  the  chemical  properties  and  habitudes  of  bodies.  More  Minute  direc- 
tions will  be  given  for  conducing  thefe  experiments  with  fuccefs,  than  are  to  be  found  in 
other  elementary  books.  The  fecond  part  will  comprize  furnmary  mftructions  for  the 
anal y lis  of  mineral  waters,  and  of  mineral  bodies  in  general :  and  the  third  part  will  point 
out  fomc  of  the  ufeful  applications  of  chemical  agents,  in  detecting  adulterations,  in  dif- 
covering  poifons,  &c.  The  work  wilt  form  one  fmall  pocket  volume;  and  the  author 
thinks  proper  to  obferve,  that  it  will  not  at  all  interfere  with  the  excellent  little  manual, 
lately  publifhed  by  Mr.  Parkin  fon,  the  plan  and  objects  of  which  are  perfectly  different. 


*•*  J.  W.  L.  requcfts  the  Correfpondents  of  tliis  Journal  to  point  out  a  method  of  ah- 
tn'itiing  aluminous  earth  perftcily  free  from  nny  heterogennus  mixture,  and  obferves,  that  the 
methods  pointed  out  by  fyftematical  writers  are  infuflicient  for  that  purpofe.  As  this 
difficulty  will  nq  doubt  be  new  to  many  chemifts,  it  would  be  a  defirable  communication 
if  he  were  to  date  the  imperfections  which  his  practice  may  have  led  him  to  detect. 


**0*r->iKH*4&t.ir:fi.i 


to  lira  ton 
rtlBLIC  : 

. 

JOURNAL 


O  F 


NATURAL  PHILOSOPHY,   CHEMISTRY, 


AND 


THE    ARTS. 


MARCH  1801. 


\ 


ARTICLE    I. 

Experiments  to  determine  whether  or  not  Fluids  be  Condu&ors  of  Caloric*    By  TttOMdS 
Thomson,  M.  D.  Lefturer  on  Chemiftry  in  Edinburgh.     Communicated  by  the  Author. 


i 


T  is  rather  furprifing  that  the  experiments  publifhed  by  Count  Rumford,  in  order  to 
prove  that  fluids  are  non-condu&ors  of  caloric,  fliould  have  been  in  the  pofieffion  of  men 
of  fcience  for  more  than  two  years,  without  any  attempt  either  to  confirm  or  refute  them* 
Thefe  experiments  were  condu£te<Twith  fuch  admirable  fimplicity  and  ingenuity,  by  a  man 
of  fuch  acknowledged  talents  and  candour,  and  of  fuch  well-merited  celebrity,  that  they 
might  hafe  been  expe&ed  to  excite  peculiar  attention.  The  fubjeft,  too,  is  of  the  higheft 
importance^  not  only  becaufe  it  is  calculated  to  throw  additional  light  on  the  nature  of 
caloric,  but  becaufe  it  is  intimately  conne&ed  with  fome  of  the  mod  important  operation* 
in  nature.  It  is  impoffible  for  us  to  inveftigate  fpontaneous  evaporation,  rain,  winds,  the 
changes  of  temperature  in  the  atmofphere,  and  fome  of  the  mod  important  phenomena  ol" 
chemiftry,  at  lead  with  any  chance  of  fuccefs,  till  we  have  fettled  the  previous  queftion, 
whether  fluids  be  conductors  of  caloric  or  not.  Perhaps  it  will  be  faid,  that  this  point 
has  been  completely  eftablifhed  by  Count  Rumford.     This  is  the  very  thing  which  I  pro- 
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pofe  to  examine*  But  it  will  be  proper,  in  the  firft  place,  in  order  to  prevent  verba!  dif- 
putes,  to  explain  what  I  mean  by  the  cor. duSing  power  of.  bodies*  ,ComU  Rumfgrdlias 
negle&ed  to  do  this ;  and  I  am  not  abfolutely  certain  that  he  affixes  the  fame  meaning  to 
the  phrafe  that  I  do. 

Dr.  Herfchel  appears  to  me  to  have  demonstrated,  that  caloric  is  emitted  from  the  fun 
in  rays,  and  that  it  moves  with  the  fame  velocity  as  light,  or  at  the  rate  of  nearly  200,000 
miles  in  a  fecond.  It  follows,  from  his  experiments,  and  froip  thofe  of  Schecle  and 
Pi&et,  that  caloric  moves  through  air  without  any  fenfible  diminqtion  of  its  velocity.  It 
has  been  demonftrated,  too,  that  it  is  capable  of  moving  through  glafs  of  a  certain v tem- 
perature, without  any  fenfible  diminution  of  its  celerity.  Now,  whenever  caloric  pafles 
through  ftody  with  undiminished  celerity,  we  may  fay  that  it  is  tranfmitted  through  the 
body.  At,  then,  and  gbf'>  have  the  property  0/  WatiftmtUng  caloric  through  them. 
When  caloric  is  tranfmitted  through  a  body,  as  its  velocity  is  too  great  to  be  meafured, 
it  appears  to  pafs  through  the  body  inftantaneoufly.  Thus  M.  Piftct  found  that  caloric 
moved  inftantaneoufly  through  69  feet  of  air. 

When  the  end  of  an  iron  rod,  20  inches  long,  is  put  into  the  fire,  while  a  thermometer 
is  applied  to  the  other  extremity,  it  is  four  minutes  before  the  thermometer  begins  to 
rife,  and  it  takes  15  minutes  before  it  rifes  io°.  Caloric,  then,  does  not  pafs  through  a  rod 
q£  iron  inftantaneoufly ;  consequently*  it  is  not  tranfmitted  through  the  iron,  but  moves 
through  it  in  a  different  manner.  Its  velocity  is  prodigioufly  diminifhed,  fince  inftead  of 
moving  at  the  rate  of  200,000  miles  in  a  fecond,  it  moves  only  at  the  rate  of  20  inches  in 
4'.  Now,  whenever  caloric  pafles  in  this  manner  through  bodies,  with  its  velocity  pro- 
digioufly diminifhed,  it  is  faid  to  to  be  conduced  through  them.  It  appears,  then,  that 
caloric  is  tranfmitted  through  bodies,  and  conduced,  through  them,  in  quite  a  different 
manner.  4 

If  we  take  an  iron  Tod,  and  another  of  baked  clay,  of  precifely  the  fame  fize  and  fhape, 
and,  putting  one  end  of  each,  into  the  .fire,  apply  thermometers  to  the  other  extremity,  we 
"thall  find  that  the  thermometer  applied  to  the  iron,  rod  rifes  (boner  tfyan  that  applied  to  the 
clay  rod.  Caloric  is  then  conduced  with  more  rapidity  through  irqn  than  through  baked 
clay.  Gbnfeqliently,  iron  is  a  better  conductor  of  caloric  than  baked  clay.  When  a  bpdy 
does  not  allow  caloric  to  pafe  through  it  at  ail,  it  is  called  a  mu-amtduflor. 

Ic  is  not  difficult  to  form .  fome  notion  of  the  manner  in  which  caloric  is  conduced 
through  bodies.  As  its  motion  is  prodigioufly  retarded,  it  is  clear  that  it  does  not  move 
without  reftraiot.  It  muft  be  detained  for  fome  time  by  the  particles  of  the  conducing 
body,  and,  confequently,  muft  be  attra&ed  by  tbcjn;  hence  it  follows,  that  there  is  ax* 
attra&ion  or  affinity  between  caloric  and  every  conductor  of  caloric  Now  it  is  in  con- 
ference of  this  affinity  that  the  caloric  is  conducted  through  the  body. 


Let 


thi  conducing  Pwoir  efBofos. 
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Let  M  be  a  body  (a  ihafs  of  iron  for  inftance)  compofed  of  'X 

an   indefinite   number    of   particles,  arranged    in    the    ftrata     I  ■  '■  ■ 

h  2>  3,  4i  5,  6,  7,  &c.     Let  caloric  be  communicated  to  if  in    a  ■ 
the  dire&ion  X.     The  firft  ftratum  of  particles  I  combines  with     3  1 

%  certain  dofe  of  this  caloric,   and  form*  a  compound,  which    4  ■  1  ■■         M 

we  (hall  call  A.     This  compound  cannot  be  decomposed  by  th.c     5- ■   ■  ■ 

fecond  ftratum,  becaufe  all  the  ftrata,  before  the  application  of    6—— *■■ 

Ae  heat,  were  at  the  fame  temperature;   consequently,  the     7— — — 

affinity  of  all  for  caloric  muft  have  been  equal.  Now  it  would  be  abfurd  to  fuppofe  a 
compound  deftroyed  by  an  affinity  not  greater  than  that  which  produced  it.  If,  therefore, 
only  one  dofe  of  caloric  combined  with  ftratum  *,  no  caloric  could  pafs  beyond  that  ftratum. 
But  the  compound  A  has  ftill  an  affinity  for  caloric  f  it  therefore  combines  with  another 
dofe  of  it,  and  forms  a  new  compound,  which  we  (hall  call  B.  Now  it  is  a  general  law, 
to  which  I  know  not  a  (ingle  exception,  that  when  a  body  combines  with  different  dofes 
of 'another  body  fucceffively,  the  firft  dofe  is  retained  by  a  ftronger  affinity  than  the  fecond, 
the  iecond  by  a  ftronger  than  the  third)  and  fo  on.  Thus  iron,  by  combining  with  25 
per  cent,  of  oxygen,  forms  the  green  oxide  of  iron  :  by  combining  with  48  per  cent,  ft 
icgrms  the  brown  oxide.  Here,  then,  ate  two  dofes  of  oxygen  which  combine  fucceffirely 
with  the  iron ;  the  firft  is  28  per  cent,  the  fecond  23  per  cent.  Now  the  fecond  dofe  it 
opt  retained  by  an  affinity  nearly  fo  great  as  the  firft  dofe.  For  many  fdbftances  are 
capable  of  abftra&ing  the  fecond  dofe,  and,  confequently,  of  conrerting  brown  oxide  of 
iron  into  green  oxide  which  hare  no  a&ion  on  the  green  oxide :  but  all  the  bodies 
capable  of  decompofing"  the  green  oxide  are  capable  alfo  of  decompofing  the  brown 
vide. 

Let  us  apply  tliit  general  law  to  the  compound  B,  into  which  ftrahitn  1  has  entered. 
This  ftratum  is  now  combined  with  two  dofes  of  caloric,  the  firft  of  which  is  retained  by  a 
ftronger  affinity  than  the  fecond.  Stratum  2,  therefore,  though  incapable  of  decompofing 
the  compound  A,  has  a  ftronger  affinity  for  caloric  than  compound  A  has  for  the  fecond 
dofe  of  caloric  ;  it  therefore  feizes  upon  this  fecond  dofe,  combines  with  it,  and  forma 
the  compound  A.  Here,  now,  are  two  ftrata  of  particles,  combined  cacK  with  a  dofe  6f 
caloric,  and,  confequently,  conftituting  the  compound  A.  The  third'  ftratum  is  unable  to 
decompofe  the  fecond,  for  the  fame  reafon  that  the  fecond  was  unable  to  decompofe  the 
firft.  Stratum  1  again  combines  with  a  dofe  of  caloric,  and  forms  compound  B  :  ftratum  2 
is  unable  to  decompofe  this  compound,  becaufe  being  already  compound  A,  its  affinity  for 
caloric  cannot  be  greater  than  that  of  compound  A.  Caloric,  then,  cannot  pafs  farther 
through  the  body;  but  ftratum  1  combines  with  a  new  dofe. of  caloric,  and  forms  a  com* 
pound,  which  we  (hall  call  C;  The  affinity  of  this  third  dofe  bting  inferior  to  that  of  the 
fecond,  ftratum  2  decompofes  compound  C  of  ftratum  r,  and  forms  itfelf  compound  B. 
This  compound. ta  decompofed  by  ftratum  3,  which  now  forms  compound  A.  Stratum  4 
again  forms  compound  C,  which  is  again  decompofed  by  ftratum  2,  which  ftratum  forms  a 
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new  compound  B.  Compound  C  is  a  third  time  formed  by  ftratum  i.  Three  ftrata 
arc  now  heated.  Stratum  i  is  combined  with  three  doles,  ftratum  2  with  two  dotes, 
ftratum  3^with  onejdofe.  The  heat  can  pat  no  farther,  for  ftratum  4  cannot  decompofe 
compound  A,  nox  compound  A  compound  B,  nor  compound  B  compound  C ;  but  ftra* 
turn  1  combine§.wiih  a  fourth  dofe  of  caloric,  and  forms  a  new  compound,  which  we 
fhall  call  D.  This  »ew  compound  is  decompofed  by  ftratum  2^  which  forms  compound 
C.  .Stratum  2  Is  decompofed  by  ftratum  3,  which  forms  compound  B,  and  ftratum  3  by 
ftratum  4,  which  forms  compound  A.  Stratum  1  again  forms  compound  D,  which  h 
again  decompofed  by  ftratum  2.  This,  in  its  turn,  is  decompofed  by  ftratum  3,  which 
forms  compound  B.  ,  Stratum  1  again  forms  compound  D,  which  is  again  decompofed  by 
ftratum  2,  in  order  to  form  compound  C.  Compound  D  is  again  formed  by  ftratum  t, 
.and  is  not  now  deoompofed*  .  Here  are  four  ftrata  combined  with  caloric.  Stratum  1  with 
four  dofes,  ftratum  3  with  three  dofes,  ftratum  3  with  two  dofes,  and  ftratum  4  with  one 
dofe.  In  {hi?  manner  may  the,  heating  progjrefs  go  on  till  any  number  of  ftrata  whatever 
are  combined  with  caloric*  -.     .    •■ 

Thus  we  fee  that  caloric  is  conduced  through  J>odies  merely  by  repeated  chemical  com- 
binations and  decompactions.  Hence  the  reafon  of  the  flownefs  of  its  progrefs.  We 
fee,  too,  that  the  temperature  of  the  ftrata  mult  diminifh  in  a  kind  of  arithmetical  ratio 
according  to  their  diftance  from  the  fource  of  caloric  ;  and  this,  in  fa&,'  holds  in  every 
jjnftanfce*  Whpn  one  end  of  an  iron  rod  is  held  in  the  fire,  the  temperature  gradually 
tjiminiflies  as  we  approach  the  other  extremity.  We  fee,  too,,  that  the  diftance  to  which 
a  body  can  conduft  caloric  muft  in  all  cafes  depend  upon  the  degree  of  heat  to  which 
jhc  firft  ftratum  of  its  particles  can  be  fubje&ed,  before  it  changes  its  ftate.  If  it  can 
bear  a  very  great  heat,  the  body  will  conduct  to  a  very  confiderable  diftance;  whereas,  if 
if  it  can  bear  hut  little  heat,  the  body  will  conduft  but  a  very  fhort  way.  '  Thus  brick  will 
condud  much  farther  than  wood,  becaufe  when  the  temperature  is  raifed  above  a  certain 
degree,  the  wood  catches  fireL  and  is  diffipated ;  whereas,  the  brick  undergoes  no  change* 
The  diftance,  then,  to  which  a  body  condu&s  caloric,  is  not  a  criterion  of  the  go<>dnefs  of 
its  cpodu&ing  power,  fo  much  as  of  the  degree  of  heat  to  which  it  can  bfc  fubjeded 
without  a  change  of  ftate,  unlefe  the  heat  be  far  inferior  to  what  is  capable  of  producing 
fuch  a  change.  It  appears,  too,  from  this  account,  that  the  cpndu&ing  power  of  a  body 
is,  in  all  cafes,  inverfely  as  its  affinity  for  caloric.  Confcquentiy,  the  beft. conductors  are 
thofe  bodies  which  have  the  weakeft  affinity  for  caloric.     - 

m  It  can  Scarcely  be  doubted  that  caloric  is  conduced  through  JkfoUd  bodies  in  the  man- 
ner  above  defcribed.  All  folid  bodies  hitherto  examined  are  condu&ors  of  caloric.  Fluids* 
too*,  were  univerfally  confidcred  as  conductors,  till  Count  Rumford  drew  the  contrary 
conclufion  from  his  very  ingenious  experiments..  If  his  cbnfclufions  be  juft,thia  con* 
ftitutes  a  very  curious  and  important  diftim2ioB  between  folid  <md  fluid  bodies,  tiut  the 
more  important  the  conclufion  is,  the  more  rigidJy  *nght  wc-to  examine  the  premifes 
before  we  adopt  it.  t  - 
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Count  Rumford  has  proved,  by  a  let  at  very  ingenious  and  happily-contrived  cxper*? 
ments,  that  when  heat  is  appHochto  a 'fluids  the  flbid^ts  heated  in  cbnCbquence  of  every 
individual  particle  going  in  its  turn  to  tbefource  of  heat,  combining  with  caloric,  and  th$n 
giving  place  to  other  particles,  which  combine  with  caloric  in  their  turn.  It' is  evident, 
then,  that  folid  aftd  fluid  bodies  are  not  heated  in:  the  feme  manner*  The  firft  fct-of  bodies 
can  only  be  heated  by  their  conducing  power,  1  in  the  (ecohd  fee  every  individual:  particle 
goes  dire£Uy  to  the  fource  of  heat.  Though  fluids,then,  when  pkj?ed  upon  thrive, 'acquit* 
heat  very  fpeedily,  we  ^re  not  entitled  to  conclude,  from  this  circomftance,  tfyat  they  are 
condu&ors  of  caloric.     This  point  can  only  be  determined  by  dire A  experiments. 

The  experiments  which  Count  Rumford*  made  for  this  purpofc  may  be  divided  into 
two  fets.  ..  The  firft  iet  was  made  in  order  to  fhow  that  when  the  internal  motions  of  fluids 
arc  impeded,  they  ire  norheafted  fo  fbonas  when,  thtfir  internal"  motions  are  unimpeded. 
This,  I  think,  he  has '  vfcry  completely' eftablifhed.  But  as.'  fluids* are  natlfceteed  .by  .their 
conducing  power,  it  does  not  follow,  from  thdfc  experiments,  >' that  fluids  aire  non-conduc- 
tors. They  demonstrate  merely  *haf,  if  fluids. be  conidtt&oss,*  ibex* condu&ihg  power  is 
much  inferior  tou  the  power  .by  which;  they  are  heatod.(  ^Coonb  Rumford  appears  to- have 
feen  this  jiimfel/,-  and  to  have  iookod  upon  thefeexperimcrils  rktbevTOaoxjUhrks  then  as 
fatiffaitory  proof*     .  .;.     •.-,:.  :,.  .1  -,...;;        f  ~;r:      ,.:A     .*A\*V* -,',->     V  ...•/■-.•  v:  .■;;.. 

The  fecond  fet  of  experiments  was  made  in  order  to  prove  th?t  caloric  cannot  pafs  down* 
wards  through  fluids.  Now,  as-  caloric  can  pafs-  dowriWards  through' .all  conducing 
bodies,  and  mud  indeed,  from  the  very  nature  of  the  thing,  pa&.in  every  direft ion  through 
them,  it  follows  that,  if  it  cannot  move  downwards- through  fluids,,  tfaby.iare,  in  fad,  wn- 
conductors.  Thefe. .  experiments,  then,  are*  perfe&ly  in  point.  Let  nsiconfider  them  a 
little.  -  ;•'•..  ..:  *. 

To  fee  whether  caloric  moves  downwards,  through  water,- he  fixeda  cajte  of  ice  in  the 
bottom  of  a  glafs  jar,-  cdvered  £' inch  thick,  with  coldjwater.  uOver  diifrwoft  poured  gjntly 
a  considerable  quantity  of  boiling  watejr .  -.  Now,  if  wifier  writ  a'non-coodu&bBpaio  caloric 
Would,  pafs  through  the  cold  water,  and  icorifcqocutiy  non6lo£  [the^e  1  would,  be  vniekfed. 
•The  melting  of  the  ,ice,  then,  was  to  defermbiewhothcnwater  beiacxnidudter  cor  not;M'Jb 
two  hpurs/about  half -of  the  ice  was  melted*  -.This,  on*  would  think^  at  firft  fighlpaf  de* 
cifive  proof  that  water  is  a  condji&or  But  the  Count  has  fallda  upon Ja/very  ingenious 
method  vofaccountiag.  for  th*imclt*ag<o£*fthe'ioe,r<"  wi^tout  being  und^pfhe  oocelKty/*  as 
Jkb  tells  us,  u  of  renouncing  hip  ttaoty  thatfl>iid^ai^«n^cx>ndii£locs.'V',  :  r.  .,■ 
r  It  is  well  known  that  the  fpecific  gravity  of.  wfct&r  to  40  °  ifc  a . Maximum :  i  if  k  be  either 
Jbeated  aboye  40%  ojr  cpoled  down  below-  40%  its  denfity  dtminifbes^  Therefore,  when* 
ever  ^particlf  of  water  arrives  at  the  temperature  of  40°,  it  will  ,fink  toihe  bottotat  of  the 
5ffi*eL  JNoVf  as,  the  water  next  theice  waa  at  32°,  it  ia  evident  that  whenever  any  part  of 
•t^^pt  w^ter  w^  fQplpdtdcx^Qj^.4o%  it  youJd  fiok^jdUplace  the  .water  at  32^  come  into 

*  Count  Rumford1!  experiments  are  detailed  in  out  Journal  1  for.  which  ice  the  Indexes. — N*    , 
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eontaft  with  the  vic$,  and,  of  cour fc,  melt  ifc    .The  Count's  ingenuity,  aevttr  without 
tcfburces,  enabled  him  to  prove  completely  that  the  faf  eiftployecMn  his  experiment  was 
a&ually  melted  in  that  manner.     For  When  he  corered  the  ice  partially  with  flips  of  wood* 
that  part  which  was  (haded  by  the  wo6d  was  not  melted  *.  and  when  he  covered  the  whole 
of  the  ice  with  a  thin  plate  of  tin,  ha*in&  arcircular  hole  m  th6  middle,  only  the  part  cxa£Uy 
under  the  hble  was  racked.    From  thefc  fa£ts  k  certainly  may  be  conducted  that  the  ice 
was  melted  by  defcending  cunetits.of  water* 

But  the  point  to  be  prored  is  not  w^ethtr.  there  werd  defcending  currents,  but  whetheT 
water  be  a  condu&ot  or  nol*     Now,  if  water  be  a  non-condiu3or,  I  aflc  how  the  hot 
Water  was  coakd  dawn  tajfo0  i  Not  at  thefurfece  j  for  the  Coiinthimfelf  tells  us,  that  there 
the  temperature  <  ifcas  never  tinder  .108?;,  soe  by  the:  fides  of  the  voffd .;  ,  for  the'  defcendmg 
current  in  one  experiment  wusexaftlyin  the  axitp  And  ifc  faUdwsfirsefiftibly  firotaa  the  ex* 
pcrimcrit  Wads  the  flips  of  wottd,  that  thdfe  dcfcencBrig  Currents  fell  equally  upon  every 
part  of  the  furfaet  df  the. ice;  which  wottd  have'  been  impoflibfc,  if  thefe  currents  had 
been  cooled:  try.  the  fide  of  the  *6fftLr    The  hot  water,  then,  muft  hare  been  tooled  down  to 
40 °  by  the  cold  water  fasfow  h ;  .bonfe^uentlyy  it  muft  hire  imparted  caloric  to  this  cold 
water.  .  If  fd^  one  partide  of  waiter  is  capable  of  abfdrbing  caloric  from  another  •,  that  is, 
water  is  a  condutlor  of  caloric.    After  the  hot  water  had  ftood  an  hour  over  die  Ice,  i$ 
temperature  was  as  f oHows :  '   * 

At  the  Airface  of  the  ice        -,       -        -        -    •      .  40* 

:...  i.  inch  above  the  ice  «      ■:  -        -        •        -        $o 

■  •  1      a  inches      ~       •    ;  *•        -        -  ..».■•  ri8 

j  inches       .    -        -    •    •      ■ -fc      <*>        --      -       128' 

4  inches      -        -        -        -        -        -        -  130 

7  inches  -        -  ,     .*        *        -        -    '    •        131 

Ho#  is  it  pofljble  to  actount  for  this  gradual  diminution  of  heat  as  we  approach  ,the 
ice,  if  water  be  a.  aoo-condu&or  ?  The  water,  it  may  be  faid,  gives  out  caloric  at  itsfurface, 
falls  down  and  arranges  itfclf  according  to  its  fpecific  gravity.  If  fo,  how  corns*  ity  thsft 
there  .is  only  one  degree  of  difference  between  the  temperature  at  4  and  at  ^  inehet  atoVQe 
the  kej  Thus  it  appears  that  the  Count's  expetiihem,  inftead  of  demonfttatiog  tbfct  w*tt* 
is  a  non*condo£kor,  rather  favours  the  fappofition  that  it  ir  a  eoftda&ef. 

The  Count  drew*  a*  a  corollary,  from  this  experiment,  *that  water  at  4*°-  will-melt  aft 
jnuch  ice  in  a  given  time  as  boiling  water,  wife*  forth  fetid  over  the  ice.  He?  found  this 
a&ually  to  hold  ;  or  racier  he  concluded  from,  his  e*peritf}eiti*j  a&ftttd,  however,-  by  a 
little  calculation  that  Water  at  4:1°  will  melt  mwotteln  a  gMh  lime  than  baling  Watfe*. 
It  Would  not  be  difficult,  perhaps,  Co  find  Ante  flaws  ih  the  c&teulfetton ;  but  gtfciitifeg  the 
truth  of  the  fad,  I  do  not  perceive  how  it  eonttibttte*  in  the  faalltft  ctegtee  \6  prove  Aft 
water  b  a  non-condo&or.  For  water' at  4^  (being  4fcnfcr  4fcin:  w*t£r  ikf'3**)  mdte«hfc 
ice,  not  by  its, conducing  power  ;  butrby  a&ually  travelling  to  it  particle  after  particle, 
and  giving  out  its  caloric :  whereas,  boiling  water  can  only  a&  by  its  con'du&ing  power, 
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titl  fome  part  of  it  be  cooled  down  to  40  °.  And  as  water  is  Confefledly  a  very  bad  con- 
ductor, it  is  a  very  conflderable  time  before  Wucfc  of  it  is  cooled  down  fo  low.  Ac- 
cordingly we  find  that  after  20'  the  boiling  wpter  at  the  diftancfeof  only  one  inch  above  the 
ice  was  1300,  and  of  haflf  anifich  46**  Water  at  41  *,  then,  has  an. idvfrntage  "over  boiling 
water,  and  thia  adtantageia  the  greater  the  worfe  a  condu&or  of  caloric  the1  water  is. 

I  fhall  ttq/fbc  fo  particular  $rtf  my  examination  of  Count  Rumford's  experiments  made  in 
order  to  pcove  that  mercury  arid  oil  are  non»cbndu£tors  of  caloric  ;  becaufe  they  are  not 
fufceptible  of  fufficient  accuracy  to  decide  the  point.  The  iron  cylinder  would  retain  its 
heat  too  fhort  a  time  to  melt  much  ice,  even- if  thefe  fluids  had  been  excellent  conduftors  : 
and  I  really  do  not  fee  how  it  was  poflible  to  <fete£k  a  very  fmall  quantity  of  water,  even  if 
fome  of  the  ice  had  been  melted.  But  if  the  Count  had  made  Ajfe  of  a  thermometer  in  (lead 
of  ice,  it  would  have  rifen  feveral  degrees,  $s  I  have  found  by  making  the  experiment* 
even  though  the  hot  iron  had  been  at  a  greater  diftance  from  the  bulb,  than-  his  was  from 
the  nipple  of  ice.  \ 

It  appeals,  then,  that  Count  Rumford's  experiments  are  xtot  decifive,  or  if  any  conclufion 
can  be  drawn  from  them,  it  is  rather  favourable  to  the  fuppefition  that  fluids  are  conductors 
of  caloric.  It  occured  to  me,  that  by  varying  Count  Rumford's  experiments  a  little,  the 
point  in  queftion  might  be  decided  with  certainty.  I  took  a  tubulated  glafe  receiver  M,  > 
pig.  2,  PI.  XXIII*  into  which  there  patted  the  thermometer  B.  This  thermometer  was  fo 
placed,  that  its  bulb  was  exa£tty  in  the  axU  of  the  velTel.  The  mouth  at  which  it  entered 
was  clofed  with  cement.  The  degrees  were  marked  upon  the  tube  itfelf,  and  were  all  oa 
that  part  of  it  which  was  without  the  receiver.  Into  this  veflel  I  powred  the  fluid,  whofe 
conducing  power  I  wiflied  to  examine,  till  k  flood  at  a  certain  height  above  the  thermo- ' 
meter  B,  fuppofe  at  D.  I  then  poured  cautioufly  over  it  (fuppofe  to  the  height  E)  another 
fluid  of  inferior  fpecific  gravity,  and  heated  to  a  certain  temperature.  Now,  if  the  ther- 
mometer B  dkl  not  rife,  it  would  follow  that  the  fluid  was  a  Jion-condu£tot  y  if  it  did  rife, 
that  ID  waa  a  CQ8dt*£tori  A  variety  ojf  precautions  were  iieceflary  to  preveot  being  milled  ♦, 
but  thefe  >vill  appear  from  the  experiments  themfelves,  which  I  (hall  now  detail. 
.-  The  firft  fluid  made  choice  of  was  mercury.  }  filled  the  veflel  M  #kh  mercury  till  it 
ftpod  0.2  incV  above  the  bulb  of  the  thermometer  B.  Over  this  was  poured  cold  water, 
till  it  ftood  i  inrfi  above  the  furface  of  the  mercury.  I  then  cauttdufly  poured  inboittog, 
water  till  it  ftood  about  two  inches  above  die  furface  of  the  mercury.  The  thermometer  A 
Was  fufpended  in  the  water,  fo  that  its  bulb  approached  very  near  the  furface  .of  the  mer- 
cury. There  was  alfo  a  third  thermometer  C,  whofe  bulb,  which  was  oblong,  refted  '* 
againft  the  bottom  of  the  veflel.  The  temperature  of  the  mercury  and  of  the  external  air 
iras  42  ° .  That  of  the  hot  water,  as  foon  as  it  could  be  obfeited  after  pouring  it  in  (which 
Wok  up  fome  time),  was  1 740 .    The  refult  ipf  the  experiment  was  as  follows : 
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EXPERIMENT  I. 
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Here  the  thermometer  B  rofe  in  15  minutes  160  j-  and  in  21'  the  thermometer  C  rofe 
24.7  50 :  all  this  time  the  thermometer  A  was  gradually  falling,  and  approaching  nearer  and 
nearer  the  temperature  of  B,  and  after  95'  the  two  were  precifely  of  the  fame  temperature. 
The  maximum -of  B  was  960,  of  C  91.75°.  B  firft  acquired  its  maximum,  thenC:  B 
began  to  fall  in  25*,  C  in  28'.  Now  all  thefe  circumftances  are  precifely  what  ought  to 
happen  if  mercury  be  a  conductor  of  caloric.  The  experiment,  therefore,  feeim  to  prove 
that  mercury  actually  conduces  caloric :  for  we  fee  that  caloric  pafles  downwards  through 
mercury9  which  could  not  happen  if  mercury  were  a  non-condu&or. 

Though  this  experiment  feemed  decisive,  I  wUhed  to  repeat  k  in  a  different  manner,  in 
OTder,  if  poffible,-  to  determine  the  internal  motions  of  the  hot  liquid,  that  I  might 
afcertain  whether  or  not  thefe  motions  had  any  influence  on  the  rite  of  the  thermometers, . 
Count  Rumfard's  ingenious  method  readily  prefented  itfelf.  Accordingly  I  poured  over 
the  mercury  a  faturated  folution  of  carbonate  of  pot-aQi  in  water,  till  it  ftood  •?  inch  above 
its  furface.    Then  boiling  carbonate  of  potafli  was  cautioufly  poured  over  all,  till  it  ftood 
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two  inches  above  the  furface  of  the  mercury.  As  this  folution  had  not  been  filtered, 
there  were  floating  through  it  a  number  of  opaque  particles,  nearly  of  the  fame  fpecific 
gravity  with  the  folution.  By  the  motion  of.  thefe  I  exp?£ted  to  be  able,  to  judge  of  the 
currents  in.  the  hot  liquid.  The  temperature  of  the  mercury  and  of  the  external  air  was 
4if0<  That  of  the  carbonate,  when  firft  tried  after  being  poured  in,  1740.  The  refult  of 
the  experiment  was  as  follows : 

EXPERIMENT   II. 
Thermometer  B  re/i  during  tie  pouring  in  of  the  carbonate  to  75  °. 
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Here  the  refult  is  almoft  the  fame  as  in  experiment  firft.  It  is  therefore  a  confirmation 
of  it,  and  makes  the  conclufion  drawn  from  it,  that  mercury  condu&s  caloric,  more  to  be 
depended  on. 
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5jjB  Exptriments  on  the  Tranfmiffion  of  Heat  through  Fluid** 

Soon  after  pouring  in  the  hot  carbonate,  I  obferved  the  opaque  particles  formerly  men- 
tioned) moving  pretty  rapidly  upwards  and  downwards,  indicating  Count  Rumford's 
currents.  Thefe  motions  did  not  depend  upon  the  fides  of  the  veffcl,  for  particles  were 
afcending  and  defcending  in  every  part  of  the  liquid.  They  afcended  with  great  rapidity 
till  they  came  within  a  eertain  diftance  of  the  furface ;  then  they  defcended  again  as  rapidly 
as  they  had  afcended,  till  they  came  within  a  certain  diftance  of  the  mercury ;  here  tKcy 
became  ftationary  for  a  moment,  and  then  afcended  again  with  as  much  velocity  as  at  firft. 
Sometimes  a  few  particles  afcended  to  the  very  furface,  and  then  defcended  again  with  very 
great  rapidity.  But  they  conftantly  flopped,  and  began  to  move  upwards  when  they  came  • 
to  a  certain  diftance  from  the  mercury ;  and  they  all  (topped  at  the  fame  diftance,  from  the 
mercury.  At  firft  this  diftance  was  about  half  an  inch,  but  it  became  gradually  greater  as 
the  procefs  of  coaling  went  on,  and  at  laft  the  particles  did  nqt  defcend  lower  than  the 
middle  of  the  liquid.  If  any  particle  happened  to  go  beyond  this  boundary,  and  to  approach 
a  little  nearer  the  mercury,  it  foon  became  ftationary,  and  did  not  rife  any  more.  The 
rapidity  of  the  motions  of  thefe  particles  gradually  diminiihed,  as  well  as  the  fpace  through 
which  they  moved :  after  40'  I  could  not  obferve  them  moving  at  all  %  though,  when  I 
narked  the  fituation  of  a  particle,  and  then  obferved  it  fome  time  after,  it  became  evident 
that  it  had  changed  its  place. 

Thefe  motions  are  curious,  and  give  us  a  good  deal  of  information  about  the  procefs  of 
cooling  in  the  hot  liquid.     I  pretend  not  to  explain  their  rapidity ;  but,  waving  that  diffi- 
culty, it  feerns  pretty  clear  that  the  particles  near  the  furface  giving  out  their  heat,  became 
fpecificaUy  heavier,  and  tumbled  down  towards  the  mercury.     They  did  not  reach  the 
mercury,  however,,  becaufe  at  fome  diftance  from  it  they  came  to  a  part  of  the  liquid  colder 
than  theriiferves.    If  thefe  defcending  particles  happened,  in  confequence  of  a  momentum 
accidentally  greater  than  ufual,  to  penetrate  into  this  cold  ftratum,  they  loft  their  excefs  of. 
caloric  before  they  could  rife  again,  and,  of  courfe,  continued  ever  after  ftationary  in  the 
cold  ftratum.    Thefe  defcending  currents  nedeflarily  produced  afcending  currents ;  but 
thefe  afcending  particles  could  fcarcely  reach  the  furface,  unlefs  their  momentum  happened 
to  be  unufuafly  great,  becaufe  the  water  being  hotteft  juft  below  the  furface,  they  foon* 
came  to  particles  Upccirlcally  lighter  than  themfelves.     As  the  cooling  advanced,  the  cold: 
ftratum,.  of  courfe*  increafed,  and  the  currents  moved  more  (lowly,  becaufe  the  water  at 
the  furface*  approaching  to  the  temperature  of  the  air^  was  cooled  more  flowly.     We  fee 
then,  that  the  defcending  currents  do  not  reach  the  mercury;  confequently,  they  cannot 
affeft  its  heating  except  radire&Iy,  far  lefs  can  they  afic&  the  temperature  of  the 
thermometer. 

Wiftiing*  now*  to  try  a  hot  liquid  of  a  different  kindy  I  poured  lintfeed  oil,  at  230%  over* 
the  mercury,  till  it  ftood  an  inch  arjd  a  half  above  it*  furface  The  temperature  of  *he 
mercury,  and  of  the  external  air,  was  414  °  *  that  of  the  oil,  a*  foon  as  it  ooidd  b*  afc*r«- 
Sained,  after  pouring  it  in,,  was  iSo°.    The.  refult  was  follows :. 
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EXPERIMENT   III, 


TktrmomMtr  B  r*fe  during  tho pouring  to  50' 


Time.  / 

Therm.  A. 

Therm.  B. 

Therm*  C« 

2' 

S6» 

50* 

5 

91° 

60 

56 

to 

82 

63 

6ot 

»5 

77 

64 

1 

63 

20 

74 

641 

624 

*5 

70 

64I 

62» 

3* 

<hi 

<$3t 

62 

.35 

<s7i 

63 

6ii 

40 

<*4 

62 

<So| 

45 

<s?i 

61 

59* 

5° 

<Ji 

60 

SH 

55 

59l 

581 

571 

60 

5«i 

58 

57 

65 

57 

57 

56         OU 

70 

5« 

56 

55         58 

Here  the  general  rcfult  is  precifely  the  fame  as  in  the  former  experiments.  The  only 
remarkable  difference  is  the  (mall  rife  of  the  thermometer  during  the  pouring  in  of  the  hot 
oil.  During  that  operation  it  rofe  only  8  J  °,  whereas  in  the  two  former  experiments  its 
rife  was  nearly  Jo°. 

Thefe  three  experiments  were  varied  different  waySf  but  the  refults  were  fo  nearly  the 
fame,  that  it  would  be  both  ufelefs  and  tirefomc  to  relate  the  whole.  They  feein  to  me  to 
put  it  beyond  *  doubt  that  mercury  is  a  condu&or  of  caloric. 

I  wifhed  now  to  try  whether  water  alfo  be  a  conductor*  For  this  purpofe  I  poured  water 
at  40 °  (the  temperature  of  the  air)  into  the  veffel  M,  till  it  flood  0.8  inch  above  the  bulb 
of  the  thermometer  B.  Over  this  I  poured  a  thin  ftratum  of  lintfeed  oil.  Then  lintfeed 
oil,  heated  to  220°,  was  poured  cautioufly  over  all,  till  it  flood  1.15  inches  above  the  fur- 
face  of  the  water.  The  temperature  of  the  oil,  as  foon  as  it  could  be  ascertained  after  it 
had  been  poured  in,  was   160°.    The  refultof  the  experiment  was  as  follows : 
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EXPERIMENT   IV. 

Thermometer  B  rd/e  during  the  pouring  o' 


Time. 

Therm*  A. 

Therm*  B. 

Therm.  C. 

In    5' 

■                       1 

.4'°...- 

IO 

79° 

4* 

f 

»5 

7° 

43 

4»T 

20 

68 

-44 

43 

25 

6S 

'45 

43 

30 

63 

46 

43 

35 

61 

4<St 

43 

40 

59 

4<Si 

43 

45 

57 

46I 

43t 

We  fee  from  this  experiment  that  water  is  a  cohdu&or  of  caloric ;  but  a  much  worfe. 
condu&or  than  mercury.  The  thermometer  B  did  not  rife  during  the  pouring  in  of  the 
oil,  partly  becaufe  it  was  at  a  confiderable  diftance  froni  the  furface,  and  partly  becaufe 
water  conduds  worfe  than  mercury.  But  it  did  rife  afterwards  6£  °.  It  was  5'  before  it 
began  to  rife,  and  35'  before  it  reached  its  maximum.  The  refult  of  this  experiment  was  fo 
curious,  that  I  wiflied  to  repeat  it  with  fome  variation.  I  put  all  the  three  thermometers  in 
the  water :  thermometer  A  o.a  inch  below  the  furface,  thermometer  B  0.7  inch  below 
the  furface,  and  thermometer  C  1.725  inches  below  the  furface.  The  cold  water  was  2.2 
inches  deep ;  its  temperature  was  42  °  (that  of  the  air).  A  ftratum  of  cold  linefeed  oil  was 
poured  over  the  water,  then  lintfeed  oil,  at  220  °,  was  poured  over  all,  till  it  flood  2.125 
inches  above  the  furface  of  the  water.    The  refult  was  as  follows  : 

EXPERIMENT   V. 


Time. 

Therm*  A. 

Therm.  B* 

Therm*  C. 

In     %' 

58° 

45° 

• 

5 

59 

4<J        . 

42 

10 

60 

49 

42.7s 

15 

60 

50 

43 

ao 

60 

5* 

43-5 

*5 

s? 

5't 

44 

3° 

SO 

52 

44-5 

35 

58 

52 

45 

40 

57 

52 

45-5 

45 

S<% 

52 

46 

50 

5<5 

52 

46.5 

.  55 

554- 

S^i 

4<*-75 

Time. 


Etyrimt^'fh  tkr$KittfmiJji<>ntf>  Heat through  Fluiit.- 


54» 


*! 


Time. 

Therm.  A.            :-..'   Therm*. 

• 

In   <So' 

55°  -■■•             ■■  5«*° 

65 

54                  ■'■-■    5'*- 

qo 

'  '53*    -   :  •  '         5«  -" 

75 

■'••  :"   -53-          '•"      •     S» 

80  ■■  -  « 

■■'*"      5-3         -       •        5' 

85 

5*t                      S°* 

'90 

'    5*1'                     S°i 

95       ' 

5*                .•■■      S°J- 

100 

•     51*           •  "<       5°  > 

105 

5*                          5* 

no 

5'   .                •        49r 

"5 

5*                      ■     49i 

•■  120  ■ 

5<>i-     .                   49 

125 

50    .  .           ,        48$ 

130 

50              •            48| 

2I3  -  * 

'     47  '    ••'                4<> 

Here  the  thermometer  A  rofe  rS°.:  .  odd. reached  its  maximum  iri 


..,47°    ■ 

."  1-.  :47»5 
48 

.48 

■     48    .    .  . 
48.25      . 

■•"'    48^5   . 
48.25 

48<5 
48.5 

48.5 
48.2$ 

48*25 

48.25 


B 


10  -  - 


,*>< 


$* 


C   >'    6.$      ■•■■..■  .iotf 

This  experiment  feems  fo  me  to  proves  in  a  ?cry  dear  manner,  that  water  is  a  con- 
ductor. But  before  we  draw  anyfuch  conclufion  from  it,  brr.from  thoic  before  detailed,  it 
will  be  proper  to  enquire  whether  the  r&ng  of  the  thermometers  can  be  accounted  for  in 
any  other  way.  If  it  cannot,  then  water  and  mercury  mult  be  confidered  as  conductors. 
Now,  it  may  be  faid,  that  the  thermometers  rofe  in  confequence  of  the  action  of  tranfmitted 
caloric  ;  or  that  caloric  was  cotiduclid  to  them  by  means  of  the  glafs  veflel  in  which  the  ex- 
periment was  made  \  or  that  currents  of  the  hot  liquid  made  their  way  to  them ;  or,  laftly, 
that  the  cold  liquid  was  thrown  into,  fuch  agitation  by  the  pouring  in  of  the  hot  liquid  over 
it,  that  currents  of  it  heated  directly  by  the  contact  of  t£e  hot  liquid  made  their  way  to  the 
thermometers.  If  none  of  thefe  fuppofitions  will  account  for  the  rife  of  the  thermometers, 
we  muft  conclude  from  the  experiments  that  mercury  and  water  are  conductors  of 
caloric. 

1.  If  the  thermometers  had  rifen  in  confequence  of  caloric  tranfmitted  to  them  through 
the  cold  liquids,  they  ought  to  have  begun  to  rife  at  tha  fame  inftant ;  or,  rather,  the  lowed, 
which  was  the  moil  delicate,  ought  to  have  begun  to  rife  firft.  But  the  contrary  is  evident 
from  all  the  experiments*  In  the  laft  experiment,  for  inftance,  the  thermometer  B  did  not 
begin  to  rife  till  Come  time  after  the  oil  had  been  poured  in  ;  and  thermometer  C  not  till 
more  than  6'  aftCf  I  had  begun  to.  obferve  the  thermometers,  and,  confequently,  not  till 
at  leaft  12'  after,  beginning  to  pour  in  the  oil.     Thermometer  B  reached^  its  maximum  in 
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31',  C  in  io<?i  a  length  of  time  absolutely  incompatible  with  erery  idea  refpefthig  tranf* 
mitted  caloric  It  is  not  poflibk,  then*  that  the  thermometers  could  have  rifcn  in  con- 
fequence  of  jthe  aftkxi  of  tranftnitted  caloric. 

2;  If  the  caloric  liad  been  conduced  to  the  thermometers  by  the  Veflel,  C,  which  was 
always  neareft  the  ▼cflel,  ought  to  have  rifeu  firft,  or  at  jeaft,  as  its  fituation  was  prccifely 
the  fame,  it  (Might  to  have  rifen  the  fame  number  of  degrees  in  experiments  3d  and  4th. 
In  thefr  the  hot  oil  was  the  fame ;  it  ought  therefore  to  have  communicated  the  fame 
quantity  of  calorie  to  the  veffel :  but  in  experiment  3d,  C  rofe  both  fooner  and  higher  than 
in  experiment  {th.  This  is  cafily  explained,  on  the  fuppofition  that  wafex  is  a  worfe  con- 
<lu£tor  than  mercury 1  but  it  is  inexplicable,  on  the  fuppofition  that  the  heat  was  com* 
municated  by  the  veflel.  The  following  experiment  proves  clearly,  that  this  fuppofition  is 
without  foundation* 

To  determine  whether  the  eold  liquid  was  thrown  into  waves,  .or  whether  currents  were 
formed  in  it  either  by  pouring  the  hot  liquid  over  it,  or  during  the  procefs  of  heating,  I  took 
a  folution  of  darbonate  of  pot-afli,  with  amber  floating  through  it,  prepared  in  the  way  dc- 
(cribed  by  Count  Rumford,  and  poured  it  into  the  veffel  M  till  it  flood  0.3  inch  above  the 
thermometer  B.  Over  this  was  poured  cold  water  to  the  height  of  half  an  inch.  Th£ 
two  furfaoes  kept  pcrfeftly  difti&A,  as  was  evident  from  the  amber,  fome  of  whifh  was 
floating  at  .the  fur  face  of  the  car)x»nate.  Over  ail  I  poured  boiling  water,  tinged  blue  with 
the  juice  of  red  cabbage.  The  blue  colour  hung  down  in  clouds  through  rather  more  than 
the  half  of  the  pure  water  \  but  none  of  it  approached  the  carbonate*  The  temperature  of' 
the  carbonate  was  40°  (that  of  the  air).  Thermometer  B  rofe  during  the  pouring  to  73*. 
Thermometers  A  -and  C  placed  as  in  experiment  ift.  The  rcfult  of  this  experiment  'was 
as  follows: 

EXPERIMENT   VL  . 


Tiro.. 

Therm*  A. 

Therm*  B. 

Therm.  C. 

fn     4' 

105° 

75° 

43° 

10 

toa 

78 

46 

»5 

98 

79 

47t 

20 

& 

80 

50 

2  J 

93 

80 

53 

30 

90 

79 

53t 

35 

88 

78 

55 

40 

96 

77 

5* 

45 

83 

7*1 

57 

1° 

81 

""     —                            * 

7<S 

58 

55 

79* 

........  75     .. 

5*1 

66 

78 

74 

5«t 

Time. 
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Time, 

Therm.  A. 

Tberm.  B. 

Therm.  C. 

fo  6s' 

760 

73° 

59° 

70 

• 

74 

7* 

59 

75 

7* 

• 

70 

59 

80    , 

71? 

69 

59 

127 

1 

62 

62 

56 

130 

61J 

6ii 

56 

135 

61 

6of 

56 

During  the  whole  of  this  experiment  the  amber  continued  perfectly  motionlefs;  con- 
sequently there  were  no  currents.  But  there  mult  have  been  currents,  if  the  heat  had 
^been  communicated  by«the  fides  of  the  veiTel  \  for  in  that  cafe  the  particles  of  the  liquid 
next  the  (ides  mud  have  received  heat :  this  would  have  caufed  them  to  afcend,  and  there 
would  have  been  descending  currents  in  the  interior  parts  of  the  liquid.  It  is  not  poffible, 
then,  to  fuppofe  that  the  thermometers  rofe  in  confequence  of  caloric  conduced  to  them 
by  thfc  fides  of  the  veflel. 

3.  If  the  thermometers  had  rifen  in  confequence  of  currents  of  the  hot  liquid  ftriking. 
againft  them,  thefe  currents  would  have  been  viGble  in  feveral  of  the  experiments.  If  the 
fmalleft  particle  of  oil,  for  inftance,  had  made  its  way  through  the  water,  it  would  have 
been  dete&ed  by  its  whiteneft.  We  are  abfolutely  certain  that  no  fuch  currents  exifted  in* 
(he  6th  experiment-; -forbad  the  fmalleft  atom  of  the  water,  tinged  with  red  cabbage,  made 
its  way  through  the  carbonate,  it  would  have  been  inftantly  detected  by  a  change  of  colour 
from  blue  to  green.  But  no  fuch  change  of  colour  took  place:  nay,  more  than  fix  hours 
after  the  experiment,  no  green  colour  could  be  perceived ;  but  it  appeared  inftantly  after  a* 
very  flight  agitation.  Befides,  how  could  oil  or  water  makes  its  way  downwards  through- 
mercury  ?   This  fuppofition,  then,  rauft  alfo  be  given,  up. 

4.  If  the  cold  liquid  had  been  fo  much  agitated  by  pouring  the  hot  liquid  over  it,  that 
currents  of  it,  heated  diredly  by  the  hot  liquid,  made  their  way  to  the  thermometers,  thefe 
currents  muft  hayp  been  vifible  in  the  6th  experiment,-  which  was  made  on  purpofe  to 
dete&  them.  Npyr,  as  the  amber  remained  perfe&ly  motionlefs,  even  during  the  pouring 
m  pi  the  hot  liquid,  and  never  moved  after,  it  follows  that  no  fuch.  currents  exifted. 
Consequently,  the  Fourth  fuppofition  cannot  be  admitted. 

Upon  the  whpl$,  then,  I  confider  jhefe  experiments  as  proving,  beyond  a  doubt,  that* 
water  and  mercury  are  conductors  of  caloric.  I  have  repeated  them  frequently,  in  order 
to  guard  as  much  g$  poflible  againft  miftakes  :  but  I  truft  that  others,  who  are  interefted  in 
this  fubje£t,  will  take  the  trouble  to  repeat  them.  I  may,  perhaps,  have  overlooked  fome- 
thing,  notwithstanding  all  my  caution*  If  I  have,,  the  experiments  are  fo  eafily  made, 
that  it  cannot  fail  to  be  very  foon  difcovered.  Wnitever  may  be  the  iffue  of  this  in- 
veftigation,  the  greateft  part  of  the  merit  belongs  exclufively  to  Count  Rumford.  My 
experiments  were  made  merely  in  popfequence  of  his,,  and  I  availed  rnyfelf  of  the  con- 
trivances which  he  himfelf  had  fuggefted. 

I  1       ^  \  0  .    F 

To  fee  whether  folphuric  acid  he  a  conductor  of  caloric*  I  made  the  following  experiment:. 
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EXPERIMENT   VII.    . 

Into  the  veflel  M  was  poured  concentrated  fulphuric  acid,  till  it  flood  0.<S  inch  above  the 
thermometer  B.  The  temperature,  was  430  (that  of  the  air).  Over  this  was  poured 
cautioufly  a  faturated  aqueous  folution  of  fulphate  of  pot-afh  with  excefs  of  acid,  at  43  °, 
till  it  ftood  0.4  inch  above  the  acid.  The  two  liquids  remained  perfe£My  diftin&,  as  was 
evident  from  the  difference  of  their  colours  and  confidence;  for  the  acid  was  a  little 
coloured.  The  furface  where  they  joined  refle&ed  light  very  ftrongly.  The  thermometer 
A  was  fufpended,  fo  that  its  whole  bulb  was  in  the  fulphate ;  thermometer  C  was  1*366  inches 
under  the  furface  of  the  acid ;  the  acid  began  flowly  to  combine  with  the  water  above  it, 
and  this  combination  gradually  evolved  heat.  I  expe&ed  that  this  heat  would  make  it* 
way  downwards,  and  raife  the  thermometers.     The  refult  was  as  follows  : 


Time. 

Thcnn.  A. 

Therm.  B. 

Thcnn.  C. 

In   3' 

49° 

5 

50 

10 

54 

»5 

56 

47° 

20 

.   82# 

58 

471 

25 

82 

60 

• 

49 

30 

82 

6oi 

50 

35 

82 

61 

5* 

40 

81 

6il 

5»* 

45 

80 

62 

S*i 

50 

791 

621 

5*1 

55 

ih 

63 

531 

60 

63 

54 

65 

771 

63 

54* 

70 

77 

63I 

*                * 

5S 

75 

761 

631 

S5i 

80 

76 

63 

ssi 

85 

75 

63 

56 

90 

74 

63 

56* 

95 

731 

62f 

s<% 

1  op 

73 

62i 

561 

I05 

7*1 

624 

56- 

110 

72 

.    62 

561 

«*5 

m 

62 

56J 

120 

.7* 

6i| 

56J 

i«S 

70 

6i| 

56 

130 

70 

•  6.1*  , 

56 

230 

62 
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Two  days  after  this  experiment  was  made,  the  furfaces  of  the  acid  and  fulphate  were 
ftili  as  diftinfr*s  evcr^  but  the  ftratum  of  fulphate  was  nearly  double  its  original  thick- 
ness, owing  evidently  to  its  hating  combined  with  a  confiderable  portion  of  the  acid. 
This  experiment,  I  think,  proves  that  fulphuric  acid  is  alfo  a  conductor  of  caloric. 
Indeed,  it  is  more  than  probable  that  all  fluids  are  condu&ors. 
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Defcription  of  a  Steam  Engine  on  the  Principle  of  S ovary ,  operating  by  afeparate  Condenfer  f 
with  other  effential  Improvements.     By  Mr*  JoRR  NaNCARROW*. 
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LATE  XXIII.  Fig.  3.  A.  The  receiver,  which  may  be  made  either  of  wood  or  Iron. 
BBBB.    Wooden  or  caft-iron  pipes  for  conveying  the  water  to  the  receiver,  and  from 

thence  to  the  penftock. 
C.    The  penftock  or  ciftern. 
D*  *  The  water- wheel* 

E.  The  boiler,  which  may  be  either  iron  or  copper. 

F.  The  hot-well  for  fupplying  the  boiler  with  water. 

GG.    Two  ciftern*  under  the  level  of  the  water,  in  which  the  finall  bores  BB,  and  the 
condenfer  are  contained.  ^ 

HHH.    The  jfurface  of  the  water  with  which  the  Ream-engine  and  water-wheel  are 
fupplied. 

tu.    The  fteam-pipe,  through  which  the  fteam  is  conveyed  from  the  toiler  to  the 
receiver.      .  r  .  ' 

b.    The  feeding-pipe,  for  fupplying  the  boiler  with  hot  water. 

ccccc.    The  eondenGng  apparatus. 

dd.    The  pipe  which  conveys  the  hot  Water,  from  the  condenfer  to  the  hofewell. 

eee.    Valves  for  admitting  and  excluding  the  water. 

ff    The  injeQion  pipe,  and  g  the  inje&ion  cock. 

h.    The  condenfer. 

It  does  not  appear  neceflary  to  fay  any  thing  here  on  the  manner  in  which  this  machine 

performs  its  operation*  without  manual  afBftance,  as  the  method  of  opening  the  cocks  by 

which  the  fteam  is  admitted  into  the  receiver  and  condenfed,  has  been*  already  well  de- 

fcribed  by  feveral  writers.    But  it  will  be  neceflary  to  remark  that  the  receiver,  penftock, 

and  all  the  pipes,  muft  be  previoufly  filled  f  before  any  water  can  be  delivered  on  the 

•  From  a  learned  paper  on  Mills,  in  the  American  Trania&ions,  IV.  page  355.  I  have  not  been  able 
Jo  extract  the  theoretical  parts  of  the  paper,  bt caufe  the  plates  and  references  are  too  imperfect. 

f  Or  the  air  blown  out  by  fteam  \  which  may  perhaps  be  left  convenient  th.n  the  method  in  the 
text.— N. 
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wheel,  and  when  the  fteam  in  the  boiler  has  acquired  a  fufficient  ftreflgtb,  the  valve  at  c  is 
opened,  and  the  fteam  immediately  rufties  from  the  boiler  at  £  iotothe  receiver  A,  the  water 
defcends  through  the  tubes  A  and  B,  andiafcends  through  the  valve  e  and  the  other  pipe  or 
tube  B  into  the  penftock  C.  This  part  of  the  operation  being  performed  and  the  valve  c 
(hut,  that  at  a  is  fuddenly  opened,  through  which  the  fteam  rufties  down  the  condenfing 
piper,  and  in  its  pafiage  meets  with  a  jet  of  cold  water  from  the  injeftion  cock  gy  by  which 
it  is  condenfed.  A  vacuum  being  made  by  this  means  in  the  receiver,  the  water  is  driven 
up  to  fill  it  a  fecond  time  through  the  valves  eef  by  the  preflure  of  the  external  air,  when  the 
fteam- valve  at  c  is  again  opened,  and  the  opetation  repeated  for  any  length  of  time  thcr 
machine  is  required  to  work. 

There  are  many  advantages  which  a  fteam-engine  on  this  conftrudion  poflefles,  beyond 
any  thing  of  the  kind  hitherto  invented ;  a  few  of  which  I  (hall  beg  leave  to  enumerate. 

i.  It  is  fubje&  to  little  or  no  fri&ion. 

2.  k  may  be  ere&ed  at  a  fmall  expence  when  compared  with  any  other  fort  of  fteam- 
engine.    i 

3*  It  has  etery  advantage  which  may  be  attributed  to  Boulton  and  Watt's  engines,  by 
condenfing  out  of  the  receiver,  either  in  the  penftock  or  at  the  level  of  the  water. 

4*  Another  very  great  advantage  is,  that  the  water  in  the  upper  part  of  the  pipe* 
adjoining 'the  receiver,  acquires  a  heat  by  its  being  in  frequent  contaft  with  the  fteam, 
very  nearly  equal  to  that  of  boiling  water ;  hence  the  receiver  is  always  kept  uniformly  hot 
as  in  the  cafe  of  Boulton  and  Watt's  engines. 

5.  A  very  fmall  ftream  of  water  is  fufficient  to  fapply  this  engine,  (even  where  there  is 
no  fall)  for  all  the  water  raifed  by  it  is  returned  into  the  refervoir  HHH. 

From  the  foregoing  re&fons  it  manifeftly  appears  that  no  kind  of  fteam*engin&  is  fo  well 
adapted  to  give  rotatory  motion  to  machinery  of  every  kind  as  this.  Its  form  is  fi&plt, 
and  the  materials  of  which  it  is  compofed  arc  chfeap  >  the  power  is  ibore  than  eqdkl  to  any 
other  machine  of  the  kind,  becaufe  there  is  no  dedu&ion  to  "be  iriade  for  frt&idii,  except 
or  account  of  turning  the  cocks,  which  is  but  trifling. 

Its  great  utility  is  therefore  evident  in  fupplyiag'  water  for  every  kind  of  wbrifc  per- 
formed by  a  water-wheel,  fuch  as  grift-mills,  faw-mills,  blaft-furnaces,  forges^  &c. 

*  *■  •  ■ 

■'  »■»:    ji:,   •  ,      .    l 

•  Not  being  thrown  out  by  a  Bde  aperture,  as  in  PlqteXVH,  VoL  I.  of  our  JouraaJ,  Ipft  purely  railed 
and  deprefled.in  the  pipe  ^B.-«-ty« 
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New  Application  <fthe  Syphon  to  rmfe  Water  above  the  Surface  of  the  Refervoir.    In  a  Letter 

from  Mr.  William  Close. 

§ 

To  Mr.  NICHOLSON. 
SIR, 

<  *  ' 

X  HE  fyphon  will  raife  a  ftream  of  water  through  an  extenfive  fpace  in  every  fituation 
where  a  little  defcent  can  be  procured,  but  while  the  operation  continues,  no  water  can  be 
taken  dire&ly  out  of  the  ftream  above  the  lowcft  part  of  the  tube.  When,  however,  the 
two  open  ends  of  a  fyphon  are  clofed,  a  quantity  of  water  may  be  let  out  of  the  higheft 
part,  and  its  place  fupplied  by  introducing  a  like  quantity  of  no  ufe :  all  the  avenues  for 
the  purpofe  being  then  clofed,  and  the  ftream  fuffered  to  flow  through  the  tube;  the 
ufelefs  water  will  be  difplaced,  and  a  frefh  quantity  may  be  foon  after  drawn  off.    This 

•      •        • 

mode  of  exchange  may  be  ufeful  in  furni(hing  a  fupply  for  wading,  and  fome  other  pur- 
pofes,  but  there  are  feveral  domeftic  ufes  for  which  the  water  drawn  off  will  not  be  thought 
fufficiently  pure.  A  method  of  taking  water  out  of  the  fyphon  at  any  height  within  the 
limits  of  the  elevation,  without  retarding  the  ftream,  or  introducing  another  quantity,  hat 
often  appeared  to  me  very  defirable,  and  fome  months  ago,  I  made  a  number  of  expert* 
ments  to  determine' the  pra&icability  of  the  proje£t. 

My  hopes  of  fuccefs  were  founded  upon  the  following  obfervations : 

When  water  flows  through  a  fyphon  that  has  an  elbow  or  dilatation  containing  air,  the 
ftream  moves  much  flower,  and  is  fmaller  on  entering  into  the  external  air,  than  when  the 
part  is  completely  filled  with  water.  When  the  current  moves  with  a  certain  velocity,  its 
lateral  a&ion  extra&s  the  air,  and  carries  it  down  die  defcendin'g  Icolumn.  As  the  part 
fills  with  water,  the  ftream  becomes  fuller,  and  its  velocity  encreafes. 

Among  a  variety  of  proje&s  for  extracting  the  air  out  of  a  veffel  fixed  to  the  fide  of  a 
fyghon,  and  filling  it  with  water,  by  the  afliftance  of  the  lateral  a&ion  of  the  ftream,  the 
following  feemed  the  molt  likely  : 

If  the:  connexion  between  the  veffel  and  fyphon  be  made  by  two  tubes,  the  end  of  one 
turned  againft  the  current,  and  the  end  of  the  other  turned  from  it,  the  ftream  after  (Inking 
the  end  of  the  firft  tube,  will  be  contracted  until  it  has  paffed  by  the  end  of  the  fecond. 
After  this  it  will  begin  to  expand ;  the  air  will  be  drawn  out  of  the  veffel  through  the  tube 
turned  from  the  current,  and  water  will  enter  by  the  other,  until  the  veffel  is  filled ;  the 
ftream  beyond  the  contraction  occafioned  by  the  two  tubes  will  then  receive  a  fupply 
through  the  veffcL 

"  The  refult  of  an  experiment  founded  upon  this  theory  was  very  fatisfa&ory.  In  place, 
however,  <rf  a  particular  'account  of  the  firft  experiment,  I  (hall  give  a  detail  of  fome 
others,  in  which  a  (till  more  eafy  expedient  was  adopted,  to  produce  the  fame  cffcdt : 

4  A  a  Two 


53B  Experiments  on  the  Tranfmiffion  of  Heat  through  Fluids* 

Soon  after  pouring  in  the  hot  carbonate,  I  obferved  the  opaque  particles  formerly  men- 
tioned) moving  pretty  rapidly  upwards  and  downwards,  indicating  Count  Rumford's 
currents.  Thefe  motions  did  not  depend  upon  the  Gdes  of  the  veflcl,  for  particles  were 
afcending  and  defcending  in  every  part  of  the  liquid.  They  afcended  with  great  rapidity 
till  they  came  within  a  eertain  diftance  of  the  furface;  then  they  defcended  again  as  rapidly 
as  they  had  afcended,  till  they  came  within  a  certain  diftance  of  the  mercury ;  here  tHey 
became  ftationary  for  a  moment,  and  then  afcended  again  with  as  much  velocity  as  at  firft. 
Sometimes  a  few  particles  afcended  to  the  very  furface,  and  then  defcended  again  with  very 
great  rapidity.  But  they  conftantly  (topped,  and  began  to  move  upwards  when  they  came  < 
to  a  certain  diftance  from  the  mercury;  and  they  all  (topped  at  the  fame  diftance, from  the 
mercury.  At  firft  this  diftance  was  about  half  an  inch,  but  it  became  gradually  greater  as 
the  procefs  of  cooling  went  on,  and  at  laft  the  particles  did  nqt  defcend  lower  than  the 
middle  of  the  liquid.  If  any  particle  happened  to  go  beyond  this  boundary,  and  to  approach 
a  little  nearer  the  mercury,  it  foon  became  ftationary,  and  did  not  rife  any  more.  The 
rapidity  of  the  motions  of  thefe  particles  gradually  diminUhed,  as  well  as  the  fpace  through 
which  they  moved :  after  40'  I  could  not  obferve  them  moving  at  all  1  though,  when  I 
marked  the  fituation  of  a  particle,  and  then  obferved  it  fome  time  after,  it  became  evident 
that  it  had  changed  its  place. 

Thefe  motions  are  curious,  and  give  us  a  good  deal  of  information  about  the  procefs  of 
cooling  in  the  hot  liquid.     I  pretend  not  to  explain  their  rapidity  \  but,  waving  that  diffi- 
culty, it  feerns  pretty  clear  that  the  particles  near  the  furface  giving  out  their  heat,  became 
fpecifically  heavier,  and  tumbled  down  towards  the  mercury.     They  did  not  reach  the 
mercury,  however,,  becaufe  at  fome  diftance  from  ic  they  came  to  a  part  of  the  liquid  colder 
than  therinfelves.     If  thefe  defcending  particles  happened,  in  confequence  of  a  momentum 
accidentally  greater  than  ufual,  to  penetrate  into  this  cold  ftratum,  they  loft  their  excefs  of. 
caloric  before  they9 could  rife  again,  and,  of  courfe,  continued  ever  after  ftationary  in  the 
cold  ftratum.    Thefe  defcending  currents  neceflarily  produced  afcending  currents ;  but 
thefe  afcending  particles  could  fcarcely  reach  the  furface,  unlefs  their  momentum  happened 
to  be  unttfuafly  ^eat,  becaufe  the  water  being  hottcft  juft  below  the  furface,  they  foon* 
came  to  particles  Specifically  lighter  than  themfelves.     As  the  cooling  advanced,  the  cold, 
ftratum,.  of  courfe*  increafcd,  and  the  currents  moved  more  (lowly,  becaufe  the  water  at 
the  furface,  approaching  to  the  temperature  of  the  air,  was  cooled  more  flowly.     We  fee 
then,  that  the  defcending  currents  do  not  reach  the  mercury;  confequently,  they  cannot 
affeft  its  heating  except  kidire&ly,  far  lefs  can  they  affe&  the  temperature  of  the 
thermometer. 

Wifhing,.  now>  to  try  a  hot  liquid  of  a  different  kind,  I  poured  lintfeed  oil*  at  230%  over* 
the  mercury,  till  it  ftood  an  inch  aqd  a  half  above  it*  ferface.  The  temperature  of  .the. 
mercury,  and  of  tLe  external  air,  was  41^  °  *  that  of  the  oil,  at  foqn  a*  it  coi*14  be  afc*r;- 
toined,  after  pouring  it  in,  was.  i£o.°.    The  refult  was  follows : 
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Tbermomtter  B  rtft  during  tht  pouring  to  50' 
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Here  the  general  refult  is  precifely  the  fame  as  in  the  former  experiments.  The  only 
remarkable  difference  is  the  fmall  rife  of  the  thermometer  during  the  pouring  in  of  the  hot 
oil.  During  that  operation  it  rofe  only  8|  °,  whereas  in  the  two  former  experiments  its 
rife  was  nearly  Jo°. 

Thefe  three  experiments  were  varied  different  ways,  but  the  refults  were  fo  nearly  the 
fame,  that  it  would  be  both  ufelefs  and  tirefomc  to  relate  the  whole.  They  feein  to  me  to 
put  it  beyond  a  doubt  that  mercury  is  a  cwduRor  of  caloric. 

I  wiftied  now  to  try  whether  water  alfo  be  a  conductor*  For  this  purpofc  I  poured  water 
at  40 °  (the  temperature  of  th*  air)  into  the  veffel  M,  till  it  ftood  0.8  inch  above  the  bulb 
of  the  thermometer  B.  Oyer  this  I  poured  a  thin  ftratum  of  lintfeed  oil.  Then  lintfeed 
oil,  heated  to  220°,  was  poured  caurioufly  over  all,  till  it  ftood  1.15  inches  above  the  fur- 
face  of  the  water.  The  temperature  of  the  oil,  as  feon  as  it  could  be  ascertained  after  it 
had  been  poured  in,  was   1600.    The  refult  of  the  experiment  was  as  follows : 
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In  this  arrangement  the  firft  veflcl  will  empty  itfelf  into  the  fecon4»  which  will  clofe  the 
cocks  in  the  pipes  oppofite  A  and  W,  before  air  is  admitted  into  the  veflcl  A  W.  The 
third  will  be  filled  from  the  fecond,  and  the  water  in  the  veflcl  A  W  will  be  let  out* 
Again,  the  third  will  deliver  its  contents  in  the  fourth  or  lowed,  which  will  keep  the  cocks 
in  the  fmall  pipes  oppofite  A  and  W  dole,  until  after  the  third  .veflel  is  empty,  has  rifen 
up,  and  the  external  air  can  no  longer  enter  die  veflel  A  W.  The  fourth  being  then 
emptied  by  its  fyphon,  the  pipes  between  the  veflel  A  W  and  fyphon  S  Y  will  open. 

The  diameter  of  the  fecond  veflel  fhould  be  fomething  lefs  than  either  that  above  or 
below  it*  The  fourth  (hould  be  filled  before  the  fecond  is  empty ;  the  third  will  defcend 
the  lad  and  rife  the  firft :  the  fecond  and  fourth  will  rife  together  immediately  after  the 
third.  If  the  fecond  and  fourth  were  to  rife  before  the  third,  the  fyphon  would  directly 
receive  a  quantity  of  external  air,  and  its  operations  would  ceafe.  It  will  therefore  require 
much  caution  to  manage  the  cocks  and  valves,  if  another  veflel,  fimilar  to  A  W,  is  to  be 
filled  while  this  laft  is  emptied,  and  emptied  while  it  is  filled. 

The  veflel  A  W  fhould  not  be  large,  and  in  order  to  overcome  the  buojance  of  the  ex- 
tracted air,  it  is  adviceable  to  make  the  length  of  the  defcending  branch  of  the  fyphon 
exceed  the  length  of  die  afcending  one  as  much  as  circumftances  will  admit,  and  to  let  the 
lowed  part  of  it  be  made  of  a  conical  divergent  form.  The  velocity  of  the  dream  will 
be  thus  encreafed ;  the  veflel  A  W  will  be  fooner  filled  with  water ;  and  the  depreflion  of 
the  two  columns  will  be  lefs  liable  to  happen  from  very  flight  imperfections  of  work- 
manfhip. 

I  am,  SIR, 

Your  humble  fervant, 
Daltony  Feb.  17,  1801.  WILLIAM  CLOSE. 
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On  the  Power  of  penetrating  into  Space  by  Tele/copes*,  with  a  comparative  Determination  of 
the  Extent  of  that  Power  in  natural  Vifion^  and  in  Tele/copes  of  various  Sizes  and  Con- 
JruSions;  illuftrated  byfeleB  Obfervations.    By  Win  iam  Herschel>  LL.  D.  F.  &  & 
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E  may  now  proceed  to  determine  the  powers  of  the  inftruments  that  have  been  ufed 
in  my  aftronomical  obfervations ;  but,  as  this  fubjeft  will  be  bed  explained  by  a  report  of 
the  obfervations  themfelves,  I  fliail  feleft  a  feries  of  them  for  that  purpofc,  and  relate 
them  in  the  order  which  will  be  mod  illuftrating. 

4  Firft, 


PtifArkdon  into  Spact'by  TcUfcopei.  ss% 

Firft,  with  regard  to  the  eye,  itjs  certain  that  its  power,  like  all  our  ether  'faculties/  is 
limited  by  nature,  and  is  regulated  by  the  permanent  brightnefs  of  obje&s }  as  has  been 
fhewn  already,  wheiv  its  extent  with  rtfle&ed  light  was  compared  to  its  exertion  On  fclf- 
huninous  ofaje&s.  Itis  further  limited  on  borrowed  light,  by  the  occafional  ftatc  of  illu- 
mination ^  for,  wheA  that  becomes  defective  at  any  time,  the  power  of  the  eye  will  then 
be  con  traded  into  a  narrower  compafe  •,  an  inftance  of  which  is  the  following  : 

In  the  year  1776,'  when  I  had  ere&ed  a  telefcope  of  20  feet  focal  length,,  of  the  New* 
toman  conftru&ion,  one  of  its  effe&s  by  trial  was,  that  when  towards  evening,  ort  account 
of  darknefs,  the  natural  eye  could  Hot  penetrate  far  into  fpace,  the  telefcope  porTefled  that 
power  fufGciently  to  (hew,  by  the  dial  of  a  diftant  church  fteeple,  what  o'clock  it  was, 
notwithstanding  the  naked  eye  could  no  longer  fee  the  fteeple  itfelf.  Here  I  only  fpeak  of 
the  penetrating  power}'  for,  though  it  might  require  magnifying  power  to  fee  the  figures 
on  the  dial,  it  could  require  none  to  fee  the  fteeple.  Now  the  aperture  of  the  telefcope 
being  12  inches,  and  the  confirmation  of  the  Newtonian  form,  its  penetrating  power, 


when  calculated  according  to  the  given  formula,  will  be  v  >4a9  *  I2°      *5    —  38,99. 

a 
jiy  b)  and  a,  being  all  exprefied  in  tenths  of  an  inch*. 

From  the  refult  of  this  computation  it  appears,  that  the  circumftance  of  feeing  (b  well* 
in  the  duflc  of  the  evening,  may  be  eafily  accounted  for,  by  a  power  of  this  telefcope  to 
penetrate  39  times  farther  into  fpace  than  the  natural  eye  could  reach,  with  objefts  fo> 
faintly  illuminated. 

This  obfervation  completely  refutes  an  objedion  to  telefcopic  vifion,  that  may  be  drawn 
from  what  has  alfo  been  demonftrated  by  optical  writers :  namely,  that  no  telefcope  can 
{hew  an  objeft  brighter  than  it  is  to  the  naked  eye.  For,  in  order  to  reconcile  this  optical 
theory  with  experience,  I  have  only  to  fay,  that  the  objeftion  is  intrndy  founded  on  the 
fame  ambiguity  of  the  word  brightnefs  that  has  before  been  detedled.  It  is  perfectly  true, 
that  the  intrinfic  illumination  of  die  pidure  on  the  retina,  which  is  made  by  a  telefcope* 
cannot  exceed  that  of  natural  vifion  $  but  xht  abfolute  brightnefs  of  the  magnified  pi&ure 
by  which  telefcopic  vifion  is  performed,  muft  exceed  that  of  the  pi£ture  in  natural  vifion, 
in  the  fame  ratio  in  which  the  area  of  the  magnified  pr&ure  exceeds  that  of  the  natural 
one  ;  fuppofing  the  intrinfic  brightnefs  of  both  pi&ures  to  be  the  feme.  In  our  prefent 
inftance,  the  fteeple  and  clock-dial  were  rendered  Vifible  by  the  increafed  abfolute  bright- 
nefs of  the  objeft,  which  in  natural  vifion  was  15  hundred  times  inferior  to  what  it  was  in 
the  telefcope.  And  this  eftablifhes  beyond  a  doubt,  that  telefcopic  vifion  is  performed  by 
the  abfolute  brightnefs  of  objefts ;  for,  in  the  prefent  cafe,  I  find  by  computation,  that 
the  intrinfic  brightnefs,  fo  far  from  being  equal  in  the  telefcope  to  that  of  natural  vifion, 
was  inferior  to  it  in  the  ratio  of  three  to  feven. 

♦  I  have  given  the  figures,  in  all  the  following  equations  of  the  calculated  penetrating  powers,  in  order 
to  lhew  the  conftruttioas  of  my  inftnunents  to  thofe  who  may  with  to  be1  acquainted  whh  them. 

The 
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Tfodiftto&Oti  between  magnifying  power*  and  a  power  of  penetrating  info  fpace, 
oould  not  bu|  be  felt  long  ago,  though  ka  theory  ha*  not  been  inquired  into  This  un- 
doubtedly gave  rift,  to  the  invention  of  thofe  very  ufeful  fliort  telefcopes  tfaitel  mght- 
glafles.  When  the:  darknefs  of  the  evening  curtails  the  natural  penetrating  power,  they, 
come  to  very  feafqitebiy,  \»  the  relief  of  mariner*  that  are  on  the  look-out  for  obje&a 
which  it  is  their  inteteft  to  difeovev.  Nighttglafies,  fuch  as  they  are  new  generally  made, 
will  have  a  power  p£  penetrating  fix  Or  feyen  times  farther  into  fpace  than  the  natural  eye. 
For,  by  the  conftru&ion  of  the  double  eye~g)affe  thefe  telefcopes  will  magnify  7  or  • 
times  \  and  the  ebjeft  glafs  being  a£  inches  in  diameter,  the  breadth  of  the  optic  pencil 
will  bti  3 i  or  3$  tenths  of  an  inch*  As  this  cannot  enter  the  fcye,  on  a  fuppofition  of  an 
opening  of  the  iris  of  2  tenths,  we  are  obliged  to  increafe  the  value  of  0,  in  order  to  make 
the  telefcopc  hare  its  proper  cfle&  Now,,  whether  joature. will  admit  of  fuch  an  enlarge- 
ment becomes  an  objeft  of  experiment ;  but,  at  all  events,  a  cannot  be  affuraed  lefs  than 

jI  •  *  "  ■    •  ■     .  • 

Then,  if  «  be  taken  as  has  been  determined  for  three  refraftions,  we  (hall  have 


m 


^ x  *  =  6,46 


or  7>39- 


Soon  after  the  difcovery  of  the  Georgian  planet*  a  very,  celebrated  obferver  of  the 
heavens,  who  has  added  confidently  to  our  number  of  telefcopic  comets  and  nebulae*  ex- 
prefled  his  wifh,  in  a  letter  to  meft  to  know  by  what  method  I  had  been  led  10  fu(pe&  fhis 
obje&  not  to  be  a  (tar,  like  others  of  the  fame  appearance.  I  have  no  doubt  but  th^t  the 
instrument  through  which  this  aftronomer  generally  looked  out  for  comets,  had  a  pene- 
trating power  much  more  than  fufficient  to  (hew  the  new  planet,  fince  even  the  natural  eye 
will  reach  it.  But  here  we  have  an  inftance  of  the  great  difference  in  the  efte&  of  the  two 
ibrts  of  powers  of  telefcopes  *  for,  on  account  of  the  fmallneft  of  the  planet,  a  different 
fort  of  power,  namely,  that,  of  magnifying,  was  required ;  and,  about  the  time  of  its 
di  Ceo  very,  I  had  been  remarkably  attentive  to  an  improvement  of  this  power,  as  I  hap- 
pened to  be  then  much  in  want  of  it  for  my  very  clofe  double  ftars  *• 

On  examining  the  nebula  which  had  been  discovered  by  many  celebrated  authors;  and 
comparing  my  observations  with  the  account  of  them  in  the  ConmiJJance  des  Temps  for 
1783,  I  found  that  mod  of  thofe  which  I  could  not  refolve  into  (tars  with  inftrumems  of  a 
fmall  penetrating  power,  were  eaflly  refolved  with  telefcopes  of  a  higher  power  of  this  fort; 
and,  that  the  efie&  was  not  owing  to  the  magnifying  power  I  ufed  upon  thefe  occafions, 
will  fully  appear  from  the  obfervations :  for,  when  the  clofcnefe  of  the  ftars  was  fuch  as  to, 
require  a  confiderable  degree  of  magnifying  as  well  as  penetrating  power,  it  always  apr 
peared  plainly,  that  the  inftrument  which  had  the  higheft  penetrating  power  refolved  them 
bed,  provided  it  had  as  much  of  the  other  power  as  was  required  for  the  purpofc. 

Magnifying  powers  of  460,  625,  93*,  1159,  1504,  ioio,  %\$%>  ji68,  4*94*  54*9#  6450,665*,  were 
afcd  upon  i  Bootis,  y  Leonis,  « JLyrae,  &c,  S«  Cat.  of  double  ftars,  Phil.  Tranf.  Vol.  LXXII.  page  145, 
and  147  {  and  Vol.  LXXV,  page  4S. 
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Sept.  20,  1783,  I  viewed  the  nebula  between  Flamfteed's  99th  and  105th  Pifcium,  dif- 
covered  by  Mr^Mechain,  in  1780. 

"  It  is  not  vifiblc  in  the  finder  of  my  7-feet  telefcope  5  but  that  of  my  20-  feet  (hews  it." 

Oft.  28,  1784,  I  viewed  the  fame  objeft  with  the  7-feet  telefcope. 

"  It  is  extremely  faint.  With  a  magnifying  power  of  120,  it  feems  to  be  a  collection  of 
cc  very  fmall  ftars  :  I  fee  many  of  them." 

At  the  time  of  thefe  observations,  my  7-feet  telefcope  had  only  a  common  finder,  with 
an  aperture  of  the  objeft  glafs  of  about  I  of  an  inch  in  diameter^  and  a  (ingle  eye-lens  ; 


S  »899  x  T^T  _  3j6     The  finder  of  ^  2o-feet 


therefore  its  penetrating  power  was 

inftrument,  being  achromatic,  had  an  objeft  glafs  1,17  inch  in  diameter :  its  penetrating 


power,  therefore,  was 


v/  ,85  x  TT^j)*  _ 


zz4,50. 


Now,  that  one  of  them  (hewed  the  nebula  and  not  the  other,  can  only  be  afcribed  to 
fpace-penetrating  power,  as  both  inftruments  were  equal  in  magnifying  power,  and  that 
fo  low  as  not  to  require  an  achromatic  objeft  glafs  to  render  the  image  fufficiently  diftin£L 

The  7*  feet  refleft or  evidently  reached  the  ftars  of  the  nebula;  but  its  penetrating  and 
magnifying  powers  ard  very  confiderable,  as  will  be  (hewn  prefently. 

July  30,  1783,  I  viewed  the  nebula  fouth  preceding  FlamfteedV24  Aquarii,  difcovered 
by  Mr.  Maraldi,  in  1746. 

a  In  the  (mii\fweeper*9  this  nebula  appears  like  a  telefcopic  comet." 

O&.  27,  1794.    The  fame  nebula  with  a  7-feet  refle&or. 

<f  I  can  fee  that  it  is  a  clufter  of  ftars,  many  of  them  being  vifible." 

If  we  compare  the  penetrating  power  of  the  two  inftruments,  we  find  that  we  ha,ve  in 

the  firft  V  A1  x  *jEiZ  =  12,84; 

2  2 

However,  the  magnifying  power  was  partly  concerned  in  this  inftance  ;  for,  in  tht /weeper 
it  was  not  fufficient  to  feparate  the  ftars  properly. 

March  4,  1783.  With  a.  7-fcet  reflettor,  I  viewed  the  nebula  near  the  5th  Serpentis, 
difcovered  by  Mr.  Meffier,  in  1 764. 

*  Tile  fmall  (weeper  is  a  Newtonian  refle&or,  of  two  feet  focal  length ;  and,  with  an  aperture  0/  4,1 
inches,  has  only  a  magnifying  power  of  14,  and  a  field  of  view  a°  ji'.  Its  diftin&nefs  is  fo  perfect,  that 
it  will  (hew  letters  at  a  moderate  diftance,  with  a  magnifying  power  of  2000 ;  and  its  movements  are  fo 
convenient,  that  the  eye  remains  at  reft  while  the  inftrument  makes  a  fweep  from  the  horizon  to  the  zenith* 

A  large  one  of  the  fame  conftruction  has  an  aperture  of  9,2  inches,  with  a  focal  length  of  5  feet  3  inches* 
It  is  alfo  charged  low  enough  for  the  eye  to  take  in  the  whole  optic  pencil  }  and  its  penetrating  power, 


and    in   the  latter  ^  >43*<$3*-***  --  20i2J 


with  a  double  eye  glafs,  is  ,  ,     ,~  18/57, 
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"  It  has  fevcral  ftars  in  it ;  they  arc  however  fo  fmall  that  I  can  but  juft  perceive  fome, 
<c  and  fufpeft  others." 

May   31,     1783.      The  fame  nebula  with  a   10-feet  refle&or ;    penetrating  power 

y/  ,43x89-- 16- = 

2  • 

<c  With  a  magnifying  power  of  250,  it  is  all  refoived  into  ftars ;  they  are  very  clofe, 
"  and  the  appearance  is  beautiful.  With  600,  perfe£Uy  refoived.  There  is  a  confide- 
"  rable  ftar  not  far  from  the  middle  *,  another  not  far  from  one  fide,  but  out  of  the  duller; 
"  another  pretty  bright  one ;  and  a  great  number  of  fmall  ones." 

Here  we  have  a  cafe  where  the  penetrating  power  of  20  fell  fhort,  when  29  refoived  the 
nebula  completely.  This  obje£t  requires  alfo  great  magnifying  power  to  fliew  the  ftars  of 
it  well;  but  that  power  had  before  been  tried,  in  the  7 -feet,  as  far  as  460,  without  fuc- 
cefs,  and  could  only  give  an  indication  of  its  being  compofed  of  ftars ;  whereas  the  lower 
magnifying  power  of  250,  with  a  greater  penetrating  power,  in  the  10-feet  inftrument, 
refoived  the  whole  nebula  into  ftars. 

May  3,  1783.  I  viewed  the  nebula  between  q  and  g  Ophiuchi,  difcovered  by  Mr* 
Meflier,  in  1764. 

<€  With  a  io«feet  refle&or,  and  a  magnifying  power  of  250,  I  fee  feveral  ftars  in  it> 
"  and  make  no  doubt  a  higher  power,  and  more  light,  will  refolve  it  all  into  ftars.  This 
"  feems  to  be  a  good  nebula  for  the  purpofe  of  eftablifhing  the  conne&ion  between  nebulae 
<c  and  clutters  of  ftars  in  general."  - 

June  18,  1784.     The  fame  nebula  viewed  with  a  large  Newtonian  20-feet  refleGor; 


V    wt2  x  188*—  21*        /:       «  1  -r  •  r 

penetrating  power H£ =  61,18  ;  and  a  magnifying  power  of  157. 

2 

"  A  very  large  and  very  bright  clutter  of  exceflively  comprefled  ftars.  The  ftars  are  but 
cc  juft  vifible,  and  are  of  unequal  magnitudes :  the  large  ftars  are  red ;  and  the  clufter  is  a 
"  miniature  of  that  near  Flamfteed's  42d  Comae  Berenices.  RA  17k  6'  32";  PD  1080  18V 

Here,  a  penetrating  power  of  29,  with  ^magnifying  power  of  250,  would  barely  fhew 
a  few  ftars;  when,  in  the  other  inftrument,  a  power  61  of  jhe  firft  fort,  and  only  15,7  of 
the  latter,  (hewed  them  completely  well. 

July  4,  1783.  I  viewed  the  nebula  between  Flamfteed's  25  and  26  Sagittarii,  difco- 
vered by  Abraham  Ihle,  in  1665. 

u  With  a  fmall  20-feet  Newtonian  telefcope,  power  200,  it  is  all  refoived  into*  ftarsj 
**  that  are  very  fmall  and  clofe.  There  muft  be  fome  hundreds  of  them.  With  350,  I 
44  fee  the  ftars  very  plainly ;  but  the  nebula  is  too  low  in  this  latitude  for  fuch  a  power.'1 

(To  be  concluded  in  our  next.) 
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Sketch  of  Ornithorhyncus  Paradoxus.     By  M.  Blumenbach.    See  our  Journal)  Vol.  IV. 

page  506. 


T, 


HIS  animal,  fee  PL  XXIV.  Fig.  4.  was  prefented  to  the  author  by  the  Right  Hon, 
Sir  Jofeph  Banks.  It  abounds  in  a  lake  of  New  Holland,  near  Botany  Bay.  The  form 
of  its  body,  with  the  exception  of  the  head,  is  nearly  fimilar  to  that  of  a  fmall  otter.  Its 
mouth  is  large,  flar,  covered  with  a  naked  (kin,  and  is  nearly  fimilar  to  the  beak  of  a 
duck.  The  edges  of  its  lower  jaw,  are  furniihed,  as  in  the  abovementioned  fowl,  with 
fmall  indentation,  $efembling  the  teeth  of  a  faw.  But  notwithftanding  the  external  re- 
femblance,  the  head  when  diffected  refembles  that  of  other  quadrupeds,  but  with  this  re- 
markable anomaly,  that  the  two  intermaxillary  bones  have  an  interval  between  them, 
which  is  filled  only  by  cartilages.  A  great  numbe*  of  nerves,  proceeding  from  the  fifth 
pair,  are  difhibuted  to  the  beak,  and  afford  the  animal  all  the  fenfibility  neceflary  to  fcek 
its  proper  food  at  the  bottom  of  the  waters  it  inhabits. 

This  creature,  from  the  form  of  its  body,  the  fhortnefs  of  its  feet,  and  the  membranes 
which  unite  its  toes,  is  in  fome  degree  analogous  to  the  porcupine  ant-eater,  myrmecophaga 
aculeata  of  Shaw,  Natur.  Mifcell.  No.  36.  Echidna  Cuv.  tab.  Zool.  But  it  differs  confi- 
derably  from  it  in  the  form  of  its  mouth,  and  the  nature  of  its  integuments.  It  is  proper 
to  obferve,  that  the  family  of  toothlefs  animals,  of  which  few  fpecies  were  known  in  the 
old  world,  is  found  to  have  feveral  reprefentatives  in  the  vaft  continent  of  New  Holland : 
thus  alfo  the  clafs  of  didelphia  may  be  faid  to  exift  in  only  few  fpecimens  in  America  and 
the  Indies,  compared  to  the  various  forms  under  which  they  are  met  with  in.  this  newly 
difcovered  country. 

Bulletin  de  Sciences,  An*  8.  No.  39. 


On  a  new  Variety  of  Zircon,  by  Citizen  Hauy. 

The  chryftals  of  Zircon  which  have  hitherto  been  found  in  Ceylon,  France,  and  elf©- 
where,  have  been  tranfported  by  water  into  their  different  fituations,  and  we  had  no  indi- 
cation of  their  native  place,  nor  of  the  fubftances  which  feryed  them  either  for  fupport  or 
matrix.  The  interefting  travels  which  have  lately  been  made  by  Citizen  La  fieri  e  into 
Sweden  and  Norway,  have  given  us  the  knowledge  of  the  primitive  fituations  of*  this  kind 
of  mineral.  Amongft  the  objects  of  natural  hiflory  which  he  has  collected,  was  a  granite 
~  found  at  Fridichfwern  in  Norway,  and  compofed  of  red  feld-fpath  and  amphibolite  with 
brown  chryftals,  known  in  that  country  by  the  name  of  Vcfuvian,  which  name  has  been 

3  given 
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given  by  the  celebrated  Werner  to  the  fubftance  which  we  cill.Idocrq/ij.  Citizen  Hauy 
has  difcoyered  that  thefe  cryftals  efientially  differ  in  ftru&ure,  as  well  as  in  their  other 
chara&eriftics,  both  from  idocrafis  and  from  brown  tin  grains,  with  which,  at  firft  fight, 
they  might*  be  confounded ;  and  that  they  belong  to  the  zircon,  of  which  they  prefent  a 
new  variety.  Their  fragments  expofed  to  the  flame  of  a  candle,  inftantly  lofe  their  colour, 
and  this  alfo  is  the  cafe  with  fragments  of  zircon.  Their  primitive  fhape,  indicated  by  the 
direction  of  the  natural  junctures,  is  a  reAangular  o&ahedron,  (Plate  XXIV.  Fig.  3,) 
having  the  fame  angles. as  thofe  of  the  zircon,  and  like  it,  divifibfc  by  planes,  which  pro* 
ceediflg  from  the  fummits,  coincide  with  the  bafes  of  the  triangles,  which  form  the  faces 
of  the  o&ahedron. 
The  variety  of  which  he  treats,  and  which  is  reprefented  by  Fig.  3;  has  thirty-fix  faces. 
1   s 

DD»E*P 

Its  fign  is  1  p .    Citizen  Hauy  calls  it  the  fubtraftive  zircon,  a  denomination  which 

he  has  adopted  in  cafes,  like  (he  prefent,  where  one  of  the  exponents , which  accompany 
die  indicative  letters,  the  letter  £  for  inftance,  is  lefs  by  an  unity  than  the  fum  of  the 
•ther  exponents. 

The  following  are  the  meafures  of  the  principal  angles  determined  by  the  help  of  theo- 
retical calculation.  Incidence  of  /  upon  /,  90*,  of  P  upon  /,  13  id  25'  of  *  upon  P,  150* 
5',  and  upon  4  142a  55',  of  u  upon  /,  159a  17',  and  upon  P  152*  8'. 

The  length  of  one  of  thefe  cryftals  taken, between  the  fummits  of  the  two  pyramids  is 
18  millimetres,  and  the  thicknefs  8  millimetres.  Their  colour  is  brown,  mixed  with 
orange  %  they  are  tranfparent,  and  they  contain  brilliant  fpangles,  interfpeifed  through 
their  fubftance,  wHBh  give  the  appearance  of  an  aventurine. 

Bulletin  des  Sciences,  No.  39,  p.  16. 
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Ext  raft  of  a  Letter  from  CtT.  Hectb}  jun.  Apothecary  at  Strajburg,  to  ClT.  Fauquelib. 

I  lately  received  a  letter  from  M.  Klaproth,  in  which  he  informs  me,  that  having  pur- 
chafed  at  the  (hop  of  M.  Hahneman,  a  certain  quantity  pf  the  new  kind  of  fixed  alkali, 
which  he  pretends  to  have  difcovered,  he  found,  by  analyGs,  that  it  was  nothing  but  re- 
fined borax. 

Thus  it  is  foand,  that  this  new  fixed  alkali,  fo  pompoufly  announced  in  the  Journals  by 
M.  Hahneman,  under  the  name  of  pneum,  and  fold  by  him  for  twenty  francs  the  ounce, 
is  reduced  by  the  analyfis  of  M,  Klaproth  to  its  proper  value. 
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VI.  On  the  colouring  Matter' of  Dogfs  Mercury*  (Mercurialis  perennis,  Lin.) 

"By  a  Correfpondent.  ■-«-■  -  -     -     --  -  p.  76 
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VII.  Account  of  a  Work  entitled--"  The  Obfervations  of  Newton  concerning 
the  Infle&ions  of  Light  ^  accompanied  by  other  Obfervations  difFerinff .  from 
his ;  and  appearing  to  lead  to  a  Change  of  his  Theory  of  Light  and  Colours." 

By  a  Correfpondent.  -  -  ■  ■       -  jr.  78 
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VIII.  Singular  Inftance  of  Fecundity.    In  a  Letter  from  the  Rev.  W.  Pearfon, 
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IX.  On  the  Phenomena  of  the  Morning  and  Evening  Dew.    By  C.  A.  Frieur. 
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X.  Thoughts  on  Magnetifm.  By  Richard '  Kirwan,  Efq.  LL.  D.  F.R.S. 
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Engravings "  bf  the  following "Obje£fa(f'i.  Plan  of  the  Air  Vault  and  Blowing 
Apparatus  of  the  Devon  Iron  Works ';  and,  "5.  Additional  Machinery  to  be 
.pdded  to  the  Hydraulic  Engine  of  Schemnitz,  to  make  it  perform  its  Rece- 
prpcations  without  Attendance.     By  Mr.  J.  W.  Bofwell. 

•  » 
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h:  Obfervations  <j>n  the  Proofs  of  the  Huttonian  Theory  of  the  Earth,  adduced 

;'byrSir  Jame's  Hall,  Bstrt.    By  R.  Kirwan,  Efq.     Comtnunicated  by  the 

Author.  -         "       -  -  -  -.        '    -  p.  97 

IJL  Experiments  on  the  Combiiftion  of  Diamond,  the  Formation  of  Steel  by  its 
£pmbination  with  Iron^  and  the  pretended  Tranfmiffion  of  Carbon  through 
the  Veffels.     By  Sir  G.  S.  Mackenzie,  Bart.  -  *     *  '  -'     ;  '  '     p.  103 

Za  the  combofKon  of  diamonds  u?det  a  .tinffle;  the  phenomena  werq  fcbfqiVed.  U  begins  to  take 
place  at  about  H°  Wedg\yood.     Guyton^  .experiment  of  the  converfioja  of  iron  into  itaelby 

'  the  diamond,  was  repeated  with  complete  fuccefc:  temperature1 150°  Wedgwood.  The  fame 
treatment  ofiron^  without  the  diamond,  does  not  afford  fled;  neither  does  carbon  penetrate 
the  veflels  in  flrortfc  fife.     Oxide  of  iron  reduced  by  diamond  powder.  •  «.  .    .  / 

IH.  Account  qf  certain  Phenomena  obferved  in  the  Air  Vault  of  the  Furnaces 

'of  the  Devon  Iron  W&rks,  tQgetfcer  with  fppie^rafSlical,  Remarks  on  thp 

/.Management  of  Blaft  Furnaces.    By  Mr.  John  Roebuck,  .in  a  Lettjer  toJSir 

James  Hall,  Bart.  -  -  -  -  p.  1 10 
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The'air  vault  is  a  large  chamber  cut  in.  the  (olid  rock.  When  Mr.  R'.  was  in  this  vault  while  in 
; '  'work,  the  air  being,  forced  inH>y  a  fleam  engine,  fo  a*  toWippbrt  a  column  fcf  between  rive  and 

fix  inches  of  mercury,  with  a  receprocation  of  halt*  an  inch,  a  number  of  remarkable  facts  pre- 
. .  Tented  themfelve*.     Great  advantages  in  the  expenditure  of  power  when  the  ftream  of  air  is 

made  to  pafc  with  a  moderate  velocity. 
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IV.. 'Apparatus  for  making  the  Hydraulic  Engine  at  Schemnitz  work  itfelf 
without  Attendance.     By  Mr.  John  Whitley  Bofwell.  -  p.  1 17 
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V:  Qn  the  Chemical  Aftion  of  different  Metals  upon  each  other  at  the  common 

Temperature  of  the  Atmofphere,  and  upon  the  Explanation  of  certain  Gal- 

.  ' v&nic  Phenomena.     By  M; 3Ribbra6ii V '  ,.[    -.  r.! ■') -.1  r- -  r  *     r    -  pi  120 

As  early  as  the  year  1792,  M.  Fabbroni  had  made  experiments  and  inductions  refpCctirig  the  ex-  \ 

periment  of  Sultzer,    pubhflied  in  1767,  and  fince  clafled  among  the  Galvanic  phenomena.  ** 

C  Enumeration  of  thofc  experiments.     Oxidation,' taj^e;  place,  by  ,th$jr  mutual  a^ion  whenwatejr.& 
prefent.     The  author  afcribes  the  effect  (o  this  oxidation,  and  gives  many  reaftfns*  in  fupport 
^U>is  opinion,  that  eleclricity  is  not  at  all  concerned  in  phenomena  of  this  nature. . 

VL  Report  concerning  the  Art  of  making  fine  Cutlery.— W.  N.  p.  12T 

VII.  Thoughts  on  Magnetifm.     By  Richard  Kirwan,   Efq,  LL.  D.  F.  R.  S. 
mid.M.K.  LA.     (Concluded  from  p*  94.)  -  -  p.  1S3 

VIII.  On 
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ple or  compound  Body?  By  Chriftopher  Girtanner,  Doftor  of  Phyfic  at 
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caufe  lighter ;  and  during  this  afcent,  the  filver  contained  in  the  copper  is  attracted  and  ab- 
ibrbed  by  the  lead  by  ftronger.  affinity.     The  copper  is  afterwards  purified  as  ufual.. 
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X.  Some  Experiments  and  Obfervations  on  Galvanic  Eleftricity.  By  Mr.  W. 
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neral Strata  after  boring.  2.  An  apparatus  for  raifing  W»ter  on  the  Principle 
of  the  Syphon.     And,  3.  Dr.  Hooke's  Principles  of  portable  Tune  Pieces, 

written  in  the  univerfal  Character  of  Bifhop  Wilkins. 

■  .  .  * 
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is  alike  in  quantity  at  each  fucceffive  procefs.     Remarks  and  obfervations. 

II.  On  the  Abfbrbent  Powers  of  different  Earths.    By  Mr.  John  Leflie.   p.  196 

III.  On  a  New  Fulminating  Mercury.  By  Edward  Howard,  Efq.  F.  R.  S. 
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acid.  Attempt  to  fubject  the  gafes  to  the  Galvanic  energy.  Remarkable  facte  in  the  decom- 
pofition  of  the  alcalis. 
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Mine  Works.  By  A.  Baillet,  Infpeflor  of  Mines,  and  Profeffor  at  the 
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1787,  to  Thomas  Jcfferfon,    then  Minifter  Plenipotentiary  of  the  United 
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Engravings  of  the  following  Obje&s :  1 .  Two  new  Air  Pomps.    By  Mr.  R.  A. 
Clare,  of  Jamaica.      And,    2.  A  Machine  for  performing  the  Procefe  of 
.    Kneading. 

I.  Experiments  and  Obfervations  made  with  the  newly  difcovered  Pile  of  Sg. 
Vplta.     By  Lieut.  Col.  Henry  Haldane.    With  Remarks  by  W.  N.      p.  242 

Dcfcription  of  the  Apparatus.  Severe  irritation  felt  infiead  of  the  (hock,  when  two  needles  were 
thruft  under  the  (kin.  Exhibition  of  the  pile  under  water ;  in  vacuo.  Various  metals  tried. 
Electrical  experiments,  &c. "  An  enquiry  how  far  the  known  laws  of  electricity  are  fufficient 
to  account  for  the  Galvanic  (hock.  Laws  according  to  which  electric  jars  are  charged,  fo  as  to 
^ive  equal  (hocks,  however  different  the  fur&ce**  &c.  Experiment  of  charging  one  fquare* 
toot  of  glafs,  fo  as  to  give  an  equal  (hock  with  the  Galvanic  pile. %  Meafure  of  the  fpark  whick 
would  charge  the  gold  leaf  electrometer,  is  one  three-thoufandth  of  an  inch.  The  Galvanic 
intenfity  is  only  one  twenty-fifth  part  of  this.  The  Galvanic  capacity  is  equal  to  that  of  a  bat- 
tery iof  three  millions  fquare  feet,  and  the  productive  energy  of  the  pile  two  hundred  times  as 
£reat  as  that  of  a  ftrong  electrical  machine. 

II.  Account  of  a  Series  of  Experiments,  undertaken  with  the  View  of  decom- 
posing the  Muriatic  Acid.   By  Mr.  William  Henry.  (Concluded  from  p.  214.) 

p.  245 

From  thefe  experiments,  in  which  the  muriatic  acid  gas  was  fubmitted  to  electricity,  as  well  with 
as  without  the  addition  of  inflammable  fubftances,  it  was  found,'  1 .  That  this  gas  in  the  dried 
poffible  (late  ftill  contains  water.  2.  That  electric  (hocks  decompofe  this  water,  the  hydrogen 
.  becoming  elaitic,  and  the  oxygen  uniting  with  the  acid,  which  diflblves  the  mercury.  3.  That 
.  the  electricity  ferves  as  a  medium  to  combine  the  oxygen  with  the.  muriatic  acid.  4.  The  real 
munatic  acid  undergoes  no  decompoiition  by  electricity.  5.  Electrical  (hocks  are  patted  through 
a  mixture  of  carbonated  hydrogen  and  muriatic  acid  gafes,  the  fufpended  water  is  decomposed 
by  the'  carbon,  and  the  refults  are  carbonic  acid  and  hydrogen  gas.  6.  When  the  water  has. 
b£en  all  deftroyed,  no  farther  effect  follows  ;  or  if  by  previous  electrization  the  gafes  be  fepa* 
lately  deprived  of  water,  no  farther  effect  follows  from  electrifying  their  mixture.  7.  If  mu- 
riatic acid  be  an  oxygenated  radical,  its  attraction  for  oxygen  is  greater  than  that  of  charcoal. 
8.  The  fluoric  acid  is  not  decomposed  by  this  pfocefs,  but  feems  capable  of  uniting  with  a  fur* 
plus  of  oxygen.    9.  Carbonic  acid  appears  not  fufceptible  of  two  dates  of  oxygenation. 

III.  On  a  New  Fulminating  Mercury.  By  Edward  Howard,  Efq.  F.  R.  S. 
(Concluded  from  p.  209.)  -  -  -  -       .•  -   "  •    p.  249 

IV.  Additional  Remarks  on  Galvanic  Eleftricity.  By  Mr.  Wm.  Cruickfhank, 
Woolwich.    Communicated  by  the  Author.s  -  -  -  p.  254 

Chemical  Examination  of  the  gafes  afforded  by  the  decompofition  of  water  by  Galvanifm.  Other 
interefting  experiments.  General  refults.  1.  That  hydrogen,  with  a  very  fmall  portion  of 
oxygen  and  ammonia,  is  feparated  from  the  filver  fide.  2.  The  wire  which  feparates  hydrogen 
from  water  will  reduce  metallic  folutions,  whatever  may  be  the  wire.  3.  That  the  folutions  of 
magnefia  and  argil  are  the  only  earths  precipitated  by  this  influence.  4.  That  when  the  wire 
connected  with  the  zinc  fide  is  gold,  or  platina,  a  quantity  of  oxygen  gas,*  mixed  with  a  little 
aaote  and  nitrous  acid  is  difengaged,  and  the  quantity  of  gas  thus  difengaged,  is  rather  more  in 
bulk  than  one  third  of  the  hydrogen  firdxn  the  other  wire.  6.  That  the  gafes  obtained  by  gold 
or  platina  wire  being  exploded  together  over  mercury,  the  whole  nearly  difappears,  and  forms 

water, 
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water,  with  probably  a  little  nitrous  acid.     The  reft due  is  azote.     Hypothefis  refpccling  the* 
aclion  of  Galvanifm,  and  the  neceffity  of  oxygen  for  its  conduit.     A  new  and  more  convenient 
Galvanic  apparatus.      Production  of  fulminating  filver.     Decompofition  of  ammonia;  and  of 
fulphuric  acid'.    Nitrous  acid  conducts  the  Galvanic  power  too  well  to  admit  of  its  decompofing 
action. 

V.  Defcription  of  a  Mercurial  Air  Pump  :  and  of  a  Double-barreled  Air  Pump. 
By  Richard  Auguftus  Clare,  Surgeon,  Jamaica.  Communicated  by  the 
Author  -----  p.  264 

The  mercurial  air  pump  confifts  of  two  vertical  pipes  containing  mercury,  in  one  of  which  is  a  folid 
piflon,  and  at  the  extremity  of  the  other  is  a  valve  opening  upwards.  The  mercury  in  effecl 
anfwers  the  purpofe  of  a  piflon,  fitted  with  a  degree  of  accuracy  not  to  be  expecled  in  folid 
work.  The  double  barreled  pump  has  *lie  contrivance  of  a  hole  inftcad  of  a  lower  valve.  Its 
piftons  have  valves,  but  by  tiie  very  happy  difpofition  of  a  cock,  the  effedtof  the  apparatus  may 
fee  fo  changed  that,  inftead  of  both  barrels  working  from  the  receiver,  the  one  is  made  to  clear 
the  other  very  powerfully  from  the  refidual  air.  Obfervations  to  (hew  certain  imperfections, 
and  the  ineffioacy  of  the  lower  valve  in  Cuthbertfon's  Air  Pump. 

VI.  A  Memoir,  in  which  the  Qucftion  is  examined,  whether  Azote  be  a  fim- 
ple  or  compound  Body.  By  Chriftopher  Girtanner,  Do£tor  of  Phyfic  at 
Gdttingen.     (Concluded  from  p.  171.)  -  -  p.  268 

VII.  Account  of  fome  Experiments  made  with  the  Galvanic  Apparatus  of  Sig« 
nor  Volta.  By  Mr.  Davy,  Superintendant  of  the  Pneumatic  Inftitution. 
Communicated  by  the  Author  -  -  -  p.  275 

The  leading  peculiarity  of  Mr.  Davy's  method  of  operating,  confifts  in  his  having  feparated  the 
two  portions  of  water  from  each  other,  which  include  the  conducting  wires.  Between  the. 
waters  the  circuit  was  made  good  by  the  human  body,  or  by  animal  or  vegetable  fibre ;  and  the 
effects,  generally  fpeaking,  were  nearly  the  fame  as  if  the  connection  of  water  had  been  entire! 
He  has  examined  the  gafes  from  water,  and  alfo  the  operation  of  this  method  on  the  alkalis,  the 
ancient  mineral  acids,  &c. 

VIII.  Defcription  of  the  Machine  for  kneading  Dough,  which  is  made  Ufe  of 
in  the  Public  Bake-houfes  of  Genoa;  from  a  Model  prefented  to,  the  Patriotic 
Society  of  Milan  -  -  -  -  p.  28 1 

IX.  On  the  Ufe  of  Caoutchouc  in  Manufaftures*  and  on  the  Amelioration  of 
Spirits  by  Age.     By  J.  A.  -  -  -    ^  p.  282 

X.  Abftraft  of  a  Memoir  on  a  Method  of  ufing  the  Syphon  for  railing  Water 
in  the  Machine  of  C.  Trouville.     By  Citizen  rrony  -  p.  283 

Scientific  News,  Accounts  of  Books,  &c.  -  *    -  p.  286,  288 

Klaproth's  Analytical  Eflays. — Multiplication  of  Engraving!  in  Relief.— Rational  Toys, 
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C    O    N    T    E    N    T    S, 


OCTOBER     1800. 

Engravings  of  the  following  Objects:  1.  Mr.  Clofe's  new  Engfne  for  railing 

*    W ater  by  the  lateral  Communication  of  Motion.     2.  Dr.  Wollafton's  Figures 

to  Uluflrate  the  Appearance  of  double  Images  produced  by  Atmofpberical 

Refta&ion,    And*.  &  Dr,  Herfchel's  Apparatus  for  afcertainbg  the  Eflfefts 

af  tfye  inviiible  Rays  of  the  Sun 

X  A  ProjeS  for  extending  the  Breed  of  fine-wooled  Spanifh  Sheep,  now  in  the 
Poffefljpn  of  his  Majefty,  into,  all  Parts  of  Great  Britain,  where  the  Growth  of 
fine  clothing  Wool  is  found  to  be  profitable  p.  289 

The  King  haying  procured  feme  Merino  flieepof  the  firft  character  for  the  finenefs  of  their  wool, 
and  haying  cauied  a  number  of  judicious  trials  to  be  made,  by  which  it  is  afcertained,  during 
the  courfe  of  above  fevcn  years,  that  the  quality  does  not  degenerate,  but  maintain*,  all  it&ori- 

final  finenefs  in  this  country ;  and  the  value  of  the  wool  being  now  known  to  our  manufacturers* 
lis  Majefly  has  been  pieafed  to-fgive  away  to  different  perfons,  for  experiments,  more  than  one 
hundred  rams  and  fome  ewes :  and  Dill  further  to  extend  this  valuable  improvement  in  ourftaple 
commodity,  he  is  now  pleafed  to  permit  fome  ewes  and  rams  to  be  (bid  at  moderate  prices. 
The  management  of  this  burl  nek  h  committed  to  the  Right  Honourable  Sir  Jofeph  Bank?,  to 
whom  letters  may  be  addreflfed, 

II*  Description  of  an  Engine  for  railing  Water  by  the  lateral  Motion  of  a  Stream 
of  Water  through  a  conical  Tube.    In  two  Letters  from  Mr.  Wifliam  Clofe 

p.  29S 

Water  flows  out  of  a  cittern  through  the  conical  pipe  of  Vejituri.  Into  the  throat,  or  fmalleft  part 
of  this  pipe,  is  infertedan  air  tube,  proceeding  from  a  vefiei  in  a  more  elevated  fituation.  The 
confecjuence  of  this  arrangement  is  that  the  air  in  the  upper  veflei  is  rarefied,  and  water  rtfes  into 
that  veifel  through  a  vertical  pipe.  As  icon  as  the  veuel  is  nearly  filled,  its  contents  are  deli- 
vered by  an  apparatus,  which  is  contrived  to  perform  the  requisite  alternations  without 
attendance. 

III.  On  double  Images  caufed  by  Atmofpberical  Refra£Hon.  By  William 
Hyde  Wollafton,  M.  D.  F.  R.  S.  -  -  p.  298 

Short  enumeration  of  the  facts.  General  laws  of  the  theory  of  Refractions,  near  the  place  of  con- 
tad  and  admixture  of  fluids  differing  m  density.  Experiments  to  confirm  the  theory,  by  includ* 
Log  fyrup  and  wafer  and  alcohol  in  the  fame  veflel ;  by  means  of  which  double  images  and  inver- 
fiou  of  objects  are  produced.  Other  fluids.  "Hot  water  carefully  placed  upon  cold.  Heated 
air  in  the  vicinity  of  red  hot  iron.  Obfervations  on  the  ordinary  effects  of  folar  heaU  Experi- 
ments and  obfervations  with  ether,  akohpl,  and  water,  to  (hew  how  far  evaporation  is  concerned 
m  thefe  effects. 

IV.  A  Memoir  on  the  Nature  of  the  colouring  Principle  of  the  LajpbtlazutiV 
By  Citizen  Guy  ton  -  -  -/  -  p.  SQfr 

The  fulphate  of  lime  of  Montolier  is  coloured  by  a  red  oxide  of  iron,  which,  by  treatment  with 
charcoal,  affords  a  fulphuret  of  iron,  in  which  the  metal  is  le£»  oxided,  and  which,  by  folution 
in  acids,  and  precipitation  by  a  prufliate,  affords  not  Pruffian  blue,  but  a  green  depofit  of  a  dif- 
ferent nature;  which  fulphuset prefcrves  its  blue  colour  in foNAcven  At  thavta&i  of  fafipn*    A. 

imikr 
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fiorilar  combination  is  produced  from  folphuret  of  iron  prepared  in  ihe  dbecl  ^rajr.  The  CD- 
louring  matter -of  lapis-lazuli  is  found  by  every  experiment  to  be  this  -blue  fulphuret,  and»nothing 
elfe. 


•M 


V.  Tflmeriments  made  with  the  Metallic  Pile  of  Sig.  Volta,  principally  direfted 
to  ascertain  the  Powers  of  different  Metallic  Bodies.  By  Lieut.  Col.  Henrys 
Haldane  -  -  -  '  -  p.  313 

Account  of  the  effects  of  piles  confiding  of  zinc,  gold,  filver,  iron,  copper,  lead,  tin,  And  mer- 
cury, feverafry 'combined  with  each  other  in  pairs.  Explolion  of  the  gafes.  Similar  pHes  were 
found  to  act  moderately  well  in  atmofphctic  air ;  better  in  oxygen  gas ;  and  not  at  all  in  azote. 
The  refpirablc  gales  wore  diminiwed. 

VI.  Iuveftjgation  of  the  Powers  of  the  Priftnatic  Colours  to  heat  and  illuminate 
Objects :  with  Remarks  that  prove  the  different  Refrangibility  of  Radian^ 
Heat."  To  which  are  added,  an  Inquiry  into  the  Method  Qf  viewing  the  Sun 
advantageoufly  with  Telefcopes  of  larg«  Apertures  and  high  magnifying 
Powers,  and  Experiments  on  the  Refrangibility  of  the  invifibfe  Rays  of  the 
Sun.    By  William  Herfchel,  LL.D.  F.  R.  S.  -  j>.  320 

VIL  Additional  Experiments  on  Galvanic  Ele&ricity.  By  Mr.  Davy,  Super- 
intendant  of  the  Pneumatic  Inftitution  -  -  p.  326 

Scientific  News,  Accounts  of  Books,  &c.  -  -  p.  329— 336 

Board  of  Longitude  of  France.     Prize  of  Aflronomv. — Translation  of  a  Note  of  Qh.  G.  Cuvier, 

relative  to  JFoffil  Subjects  of  Natural  Hiftory. — Hydraulic  Engine  operating  by  Mercury. — Phi- 

lofophical  Tranfa&ions  of  the  Royal  Society  of  London  for  the  Year  1800.     Part  the  £irft.~ 
~       '  ~     *         "*         •  ^ ^._  _,,._  ,.„   *»_,.        o ..    rf  Butfcer>_ 

from  a  Cor- 

liam  Henry, 

dat'odBept.  25,  1800,  to  correct  an  Inference  in  his  Paper  on  Oalvanifm. 


NOVEMBER     1800. 

Engravings  of  the  following  Obje&s:  I.  An  Improvement  of  Mr.  Goodviryn's 
Hydraulic  Engine,  by  which  its  Powers  are  extended,  and  it  is  made  to 

*  work  Hfelf.  2.  Cryftals  of  the  Ammonite.  And,  3.  Herfchel's  Apparatus 
for  meafuring  the  Effe&s  of  radiant  Heat. 

I.  Notice  of  fome  Obfervations  on  the  Caufes  of  the  Galvanic  Phenomena,  and 
on  certain  Modes  of  increafing  the  Powers  of  the  Galvanic  Pile  of  Volta.  By 
Mr.  Davy,  Superintendant  of  the  Pneumatic  Inftitution.  Communicated  by 
the  Author    *  -  i  -  p.  337 

c2  Zinc 
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Zinc  in  the  Galvanic  circuit  undergoes  no  oxidation  at  common  temperatures  with  pure  water ; 
but  it  is  oxided  when  the  water  contains  either  atmofpheric  air,  oxygen*  nitrous  gas,  nkroiis 
acid,  or  marine  acid,  &c.  Thefe  fubftances  at  the  fame  time  undergo  chemical  change.  The. 
pile  of  Volta  does  not  act  with  pure  water ;  but  it  does  when  the  water  contains  any  of  the  lad 
enumerated  fubftances.  Its  power  appears  to  be  proportional  to  the  oxidation  of  the  zinc; 
which  may  therefore  be  efteemed  the  caufe.  This  conclufion  leads  to  methods  of  constructing 
piles  of  immenfe  power.  Experiments  in  proof.  Pile  with  nitrous  acid  at  leaf!  fix  times  as 
ftrong  as  the  common  pile. 

II.  On  railing  Water  by  the  Eneine  of  H.  Goodwyn,  Efq.  through  double  or 
treble  the  Space  of  the  defcending  Column,  and  on  the  proper  Arrangement 
to  make  it  require  no  Attendance.     By  a  Correfpondent  -  S42 

III.  Obfcrvations  and  Experiments  on  Light  and  Heat,  with  fome  Remarks  on 
the  Enquiries  of  Dr.  Herfchel,  refpe£hng  thofe  Objefts.  In  a  Letter  from 
Mr.  John  Leflie  -  -  -  -  p.  344 

^^  %       • 

Experiments  by  the  photometer,  to  determine  the  abforbent  and  reflecting  powers  of  coloured  fub- 
ftances with  regard  to  radiant  heat ;  and  the  heat  afforded  by  the  different  rays  of  the  folar 
fpectrum.  Remarks  on  the  optical  difcoveries  of  Newton,  and  the  late  experiments  of  Dr. 
Herfchel ;  again  ft  the  latter  ot  which  and  the  inferences  thence  drawn,  various  objections  are 
firongly  urged.     Recommendation  of  the  optics  of  Bouguer  and  the  Photometria  of  Lambert. 

IV.  Account  of  a  Memoir  of  M.  Prouft,  on  feveral  interefting  Points  in  Che- 
miftry  .  -  -  -  ...  p.  350 

Oil  of  camphor.  Method  of  obtaining  the  pure  taning  principle.  Theory  and "  formation  of  ink 
with  galls  and  fulphate  of  iron.  Sulphuric  acid  profitably  obtained  from  the  refidue  of  fulphuric 
e(^cr.  Detection  of  phofphoret  of  carbon  in  the  diftillation  of  phofphorus.  Effcntiai  oil  in 
crude  iron.  Native  iron  of  Peru,  which  is  confiderably  ductile,  and  does  not  ruft;  it  is  found 
to  contain  nickel.     Experiments  on  ficfli.     Pyrite  of  the  Incas.     Purification  of  zinc. 

V.  Experiments  on  the  folar  and  on  the  terreftrial  Rays  that  occafion  Heat ; 
with  a  comparative  View  of  the  Laws  to  which  Light  and  Heat,  or  rather 
the  Rays  which  occafion  them,  are  fubjeft,  in  order  to  determine  whether 
they  are  the  fame  or  different.    By  William  Herfchel,  LL.  D.  F.  R.  S. « 

p.  360 

*  > 

A  feries  of  experiments  were  made  in  which  the  light  of  the  fun,  of  a  candle,  of  the  folar  prifmatic 
fpectrum,  of  a  red  hotpoker,  and  of  a  coal  fire,  were  feverally  reflected  from  metallic  mirrors, 
and  produced  heat.  The  invifible  radiance  from  the  fame  objects  was  alfo  made  -to  undergo 
optical  reflection  and  condenfation,  and  produced  heat.  Experiments  of  the  fame  kind  were 
made  by  diverting  the  vifible  as  well  as  invifible  .radiance,  of  the  fame  objects  out  of  its  courfe 
by  refraction,  and  condenfing  it  by  the  fame  means,  in  all  which  cafes  heat  was  produced. 

-VI.  On  the  Arragonite  of  Werner.    By  Cit.  Hauy  -  p.  367 

VII.  On  the  true  Origin  of  Refin,  known  by  the  Name  of  Sandarac,  and  on 
vthat  of  Gum  Arabic,  by  M.  Schoufboe  -  -  p.  369 

VIII.  Remarks  on  the  Memoir  in  which  M.  Girtanner  examines  whether 
Azote  be  a  fimple  or  compound  Body.    By  Cit.  Bcrthollet  p.  371 

4  ^  IX.  On 
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IX.  On  theDecompofition  of  the  Muriatic  Acid.    By  Mr.  John  PJtchford, 
Junior'  -  -*  -  -  -'  "  '    '     p.  374 

•     •  ■      •  |  ■  \  f 

X.  Obfervafiohs  on  tKe  A£Hdnf which  the  Sulphate  of  Iron  exercifes  upon  Ni- 
'    trous  gas,  and  on  the  Formation  of  Muriatic  Acid.    By  "Citl  BerthoUct 

■  '   •  •  •  t        '         »       .  ",'f  •■•  -p.  Oil 

Scientific  News,  Accounts  of  Books,  &c.  •  -  p.  379 — 384 

Philofophical  Tranfactioris'of  the:R'oyal  Society  of  London,  for  the  Year  1300.     Part  the  Second. 

,  Foffil  Wood,  found  at  a  very  great  Elevation. — Extract  of  a  Letter  from  Mr.  Humphry  Davy, 

dated  O&ober  23.    Supplementary  to  his  Paper  on  Qalvamfnv,  in- the  prefent  Number.— Ana- 

■  Iyfis, of  various  Foflils.— Lime  in  the  Nut  Gall.— Extraaion  of  the  Alkali' of  Sea  Salt  by  Lime. 
Method  of  obtaining  Phofphorus  by  PhofpWtttc  of  Lead. — On  the  Mineral  Kermes,  and  the 

•    golden  Sulphur,  ot^  Antimony *-~Elattic  KeCm  in  Opium. — Difcovery  of  a  New  Earth  in*  tlie 
Beryl  of  Georgen-Studt. — On  the  Method  of  hearing  by  th$  Teelh. 


DEC  EMBER     1800. 

Engravings  of  the  following  Ofajefts :  1.  Conftrufition  of  a  Wheel  to  reprefent 
the  Planetary  Motions.  And,  2.  Method  of  graduatingthe  Hydrometer,  fa 
as  to  indicate  the  Strength  of  Spirit  by  Infpeftion  at  any  Temperature. 

I.  On  the  Number  of  the  Primitive  Colorific  Rays  in  Solar  Light.  By  the  Rev. 
Matthew  Young,  D.  D.  S.  F.  T.  C.  D.  and  M.  R.  I.  A.  p.  385 

Whether  the  primitive  colours  be  compofed  of  three  original  tints  or  more  *  cannot  be  determined 
by  mixture  of  powders,  &c.  That  light  of  one  colour  is  not  all  of  the  fame  refrangibility,  is 
inferred  from  the  extent  of  each  colour  on  the  fpectrum.'  Probability  that  red,  yellow  and  blue 
are  the  primitive  colours,  becaufe  any  two  of  thefc  adjacent  to  each  other  will  compofe  the 
intermediate  tinge ;  though  thefe  fuppofed  originals  cannot  be  fo  compofed  of  the  others,  The- 
oretic obfervations,  experimental  teft  of  this  doctrine  by  coloured  glares. ;  Ocular  fpectra.  Hy- 
pothecs of  three  colours  will  folve  the  phenomena  of  chromatics. 

II.  An  Account  of  fome  Additional  Experiments  and  Obfervations  on  the 
Galvanic  Phenomena.  By  Mr.  Davy,  Superintendant .  of  the  Pneumatic 
Inftitution.    Communicated  by  the  Author  -      ,    .  p.  394 

-Sulphuric  acid  excites  the  pile  very  little,  but  becomes  active  by  the  addition  of  water.  Liquid 
fulphurets  are  equal  in  power  to  water.  Nitric  and  fulphuric  acids  act  in  vacuo.  Obferva- 
tions, &c.  Enquiries  to  determine  what  happens  in  the  pile  itfelf.  Examination  of  the  power 
of  diffcerent  Galvanic  combinations. 

III.  On  the  Quotients  arinng  from  the  Divifion  of  an  Unit  by  prime  Numbers. 
By  H.  Goodwyn,  Eft].  -  -  .  "-    ■  p.  402 

JV.  Conftruftion  of  a  Wheel  adapted  to  exprefs,  by  its  Rotation,  the  unequal 
angular  Motion  of  the  Planets.    By  M.  Roemer  -       .       .  p.  404 

V.  On 
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if.  '&h  "the  Soiotidns  arid  Precipitates  x£  Wercmy.    fiy  €it.  fcertholfet     p.  305 

VI.  A  Chemical  Analyfis  of  Three  Species  jS  Whinftone,  aad  Two  of  Lava. 
ItyJtobeVt  Kennedy,  M.O.F,iR;S.fct.ft.'S.**n.  p.  4M 

Vfl.  (Further  Remarks  on  the  Enquiries  of  Dr.  Herfchel,  refpe&ing  Light  and 
Heat.    In  a  Letter  from  Mr.  John  Leflie  -  j>.  414 

VIII.  Experiments  and  Obferrattiotis  on  *e  Light  which   is  jperrtafleoeifly 
c*riittoi  wfth  tfome  Dfceree  <*f  Pcrmftttencv.  lirom  Vatriflus  Bodies      5$r 


IX.  On  Areometryj    more  particularly  as  »it  ^cktte*  to  Alcohol  «f  difibfcnt 
Strengths  and  Temperatures.    *By  Git.  Haffeirfbttz  -  p.  ¥28 
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JANUARY     1801. 


Engravings  of  the  following  Objects :   1 .  Mr.  Edgeworth^s  Panorganon,  <qp 
Apparatus  for  teaching  the  firft  T  * 
rotatory  "Engine  for  railing  Water. 


Apparatus  for  teaching  thejfirit  Principles  of  Mechanics.     And,  2.  A  new 
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I.  Conftruftion  and  Ufe  of  an  univerfal  Table 'of  Intereft.  By  H.  Goodwyn, 
Efq.  -  -  -  -  p.  433 

II.  A  <!lhemical  Analyfis  of  Three  Species  of  Whinftone,  and  Two  of  Lava.  By 
Robert  Kennedy,  M.D.  F.RJ5.  &  F.  A.S.  Edin.    (Concluded  from  p.  *41'5.) 

p.  438 

III.  Description  and  Ufe  of  a  cheap  and  fimple  Apparatus  for  teaching  the  Urit 
Principles  of  Mechanics.  By  Richard'Lovrell  Edgeworth,  Efq.  F.R3J.  and 
M.R.LA.  -  P>**3 

IV.  Experiments  and  Obfervatibns  on  the  Light  which  is  fpontarteoufly  emitted, 
with  fome  Degree  of  Permanency,  from  various  Bodies.  By  Nathaniel 
Hulme,  M.D.  f.R.S.  and  A.S.    (Concluded  from  page  427)  p.  4*4 

V.  Obfervations^m  the  Theory  of  Etefhic  Attraftion  and  Repulfion.  JBy  the 
Rev.  George  Miller,  F.  T.  C.  D.  -  -  -        >  46 1 

1PJ.  "Defcrfptioii  of  a  new  rotatory  Engine  for  tailing  wafer,  and  'for  ©flier 
Vlifrpofes/    By  a  Correfpondent  ,         .  .  p.  466 


VH.  <&<fcount  <£  %  4ew  Method  of ^teaching  Cotton,  as  pubfi&ed '  by <%aptsd, 
%Rmber  of  the  National  fafttttrte.    45y  J.  C.  Betenethcrfc  "p.^69 
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VIII.  On  the  Chemical  Ifk&s  of  the  Kile  of  Volta.    By  a  Cormfyondeat 

i  P-  *?2 

IX.  Memoir  of  feveral  newly  difcovered  Properties  of  phofphorated  Hydrogen 
Gas.  By  Citizen  Raymond,  Profeffor  of  Chemiftry  at  the  Central  School  of 
the  Department  of  the  Ardeche  p.  474 

Scientific  News,  Accounts  of  Books,  &c.  *  -  p.  475—480 


Oxygenated  Muriatic  Acid. 


FEBRUARY    *1801. 

» 

EDjrayings  of  the  following  Objects :  1 .  An  improved  Hydraulic  Engine,  by 
Mr.  Clofc.     2.  The  Duke  of  Bridgewater's  underground  inclined  Plane.     3 . 

.  Figures  illuftrative  of  Galvanic  Difeoveries,  And,  4  Mr.  Home's  Exhibition 
of  the  Structure  of  that  Angular  Animal  the  Ornithorhynchus  paradoxus. 

I.  Obfervations  on  a  Method  of  reff oring  the  Utility  of  Wells,  which  have  been 
abandoned  in  confequence  of  the  Mephitization  of  the  Ground.  By  Cit. 
Cadet-de-Vaux,  of  the  Society  of  Agriculture  of  the  Department  of  the  Seine 
in  France)  Communicated  at  the  Sitting  of  that  Society  on  the  1 6  Brumaire, 
in  the  Year  8  -  -  -  -  p.  481 

The  method  cooftfts  in  boring  and  then  driving  a  wooden  pipe  into  the  cavity.  Through  this  pipe 
thehoisf  is  made  to  aft  ana  increafe  the  depth.  Another  pipe  is  driven  in  fo  as  to  fink  the  fir/1 
(till  Iowei.  By  a  continuation  of  this  procefs  the  length  of  pipe  i$  carried  to  very  great  depths, 
if  neceflary,  and  water  is  conducted  from  the  lower  fpringsto  the  furface; 

II.  Memoir  of  feveral  newly  difcovered  Properties  of  Phofphorated  Hydrogen 
Gas.  By  Citizen  Raymond,  Profeffor  of  ChernHhy  at  the  Central  School  of 
the  Department  of  the  Ardeche.    (Concluded  from  page  475)  p.  483  ' 

QL.  Defcxigiion  of  th$.  underground  inclined  Plane,  executed  at  Walkden  Moor 
in  LaijK^fl^^  by  His  Grape  tjhe  Duke  pf  Bridge  water.  By  the  Rev.  Francis 
Egerton  -•       '  •  -  -  p.  486 


BT.  Concerning  the  Enjpne  for  raiftng  Water  by  the  lateral  Communication  of 
Motion. .   In  a  Letter  from  the  Inventor,  Mr.  William  Clofc  p.  493 

V.  Otrtfie  Power  of  penetrating  into  Space  by  Telefcopes ;  with  a  comparative 
Detenninfttipn  ;of  thp  JExtent  of  that  rower  in  natural  Vifion,  and  in  Telefcopes 
of  various  Sizes  and-  Q!nT^tty?ns^  illftftr?te4  by  fcleQ  Obferratiooe. .  By 
l^iliam Hwfcli^ .iaL»-M?.&,.     '  ■-  -  p.  49f> 

3  VJLSoiae 


xvi  CONTENTS. 

VI.  Some  Observations  on  the  Head  of  the  Ornithorhynchus  paradoxus.  .  By 
Everard  Home,  Efq.  F.  R,  S.  -  •  p.  506 

VII.  Inftances  of  fufpended  Animation  in  Vegetables.     By  Mr.  John  Gough 

p.  509 

VIII.  Extraft  of  a  Letter  from  Doftor  G.M.  to  Dr.  William  Babington,  dated 
Freiberg,  JDec.  17,  1800.  On  the  State  of  Galvanifm  and  other  fcientific 
Purfuits  in  Germany.     Communicated  by  Dr.  Babington  p.  5 1 1 

IX.  On  the  Chemical  EfFefts  of  the  Pile  of  Volta.     By  a  Correfpondent    p.  514 

X.  Analyiis  of  the  Mellite,  or  in  German.  Honigftein.     By  Citizen  Vauquelin 

p.  515 

Scientific  News,  Accounts  of  Books,  &c.  -  p.  521—528 

Method  of  ascertaining  the  Inclination  of  the  Magnetic  Needle.  By  Cit.  Coulomb. — New  Pro- 
duction of  Ammonia. — Difcovery  of  a  new  Alkali. — Flour  from  the  Bread  Fruit. — Extract  from 
a  Memoir  of  Cit.  Th&iard,  on  the  fevcral  Degrees  of  Oxigenation  of  the  Oxide  of  Antimony, 

.  and  on  its  Combinations  with  fuiphurated.Hydrogen. — On  the  Structure  of  the  Upper  Pyreneans, 
by  Cit.  Raymond,  Communicated  lo  the  National  Inftitute  of  France. — Letter  from  Mr. 
Davy,  Superintendant  of  the  Pneumatic  InfHtution,  containing  Notices  concerning  Galvanifm. 
Parlunfon's  Chemical  Pocket  Book. — Mr.  Henry's  Pocket  Volume  on  Chemiftry. 


MARCH     1801. 

Engravings  of  the  following  Obje&s:  1.  A  very  fimple  Steam  Engine,  by  Mr. 
Nancarrow.  2.  Apparatus  tor  Experiments  with  Heat,  by  Mr.  Thompfon. 
3.  New  application  of  the  Syphon,  by  Mr.  Clofe;  and,  4.  Figure  or  the 
Ornithorhynchus  paradoxus. 

I.  Experiments  to  determine  whether  or  not  Fluids  be  Conductors  of  Caloric. 
By  Thomas  Thomfon,  M.D.  Lecturer  on  Chemiftry  in  Edinburgh.  Com- 
municated by  the  Author  -  -  -  -  p.  529 

II.  Defcription  of  a  Steam  Engine  on  the  Principle  of  JJavary,  operating  by  a 
feparate  condenfer;  with  other  eflential  Improvements.  By  Mr.  John 
Nancarrow  -  '  -  -  -  -  -p.  545 

III.  New  Application  of  the  Syphon  to  raife  Water  above  the  furface  of  the 
Refervoir.     In  a  Letter  from  Mr.  William  Clofe  -        p.  547 

IV.  On  the  Power  of  penetrating  into  Space  by  Telefcopes ;  with  a  compara- 
tive Determination  or  the  Extent  of  that  Power  in  natural  Vifion,  and  in  Te- 
lefcopes of  various  Sizes  and  Couftruttions;  illuftrated  by  fele£t  Obfervations. 
By  William  Herfchel,  LL.  D.  F.  R.  S.     (Continued  from  page  506.)     p.  550 

Scientific  News,  Accounts  of  Books,  &c.  -  p.  555,  566 


«... 


f 


^. 


i 

< 


•J" 


